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Abstract

In the last few years, Vehicular Ad hoc Network (VANET) opens

wide new research directions. It represents the core of the Intelligent

Transportation System (ITS). VANET helps in providing users with

safety and infotainment. However, there are many issues in VANET,

such as efficient data dissemination, network scalability, and stable

network  topology. Therefore  Firstly, to studying VANET's behaviour

and evaluating its performance, the clustering technique must be the first

step to controlling its changeable topology and building a meaningful

group of vehicles.

A Highway scenario is assumed in this dissertation. In a proposed

clustering approach, the moving vehicles are organized in non-

overlapped clusters. The specific criteria are suggested to select the

cluster head. Generally, there are two strategies to cluster formation:

distributed (Ad hoc) and centralized. In this dissertation proposed system,

the centre-based clustering strategy is selected to manage and control the

clustering process with the assistance of the Road Side Units (RSUs).

Secondly , The most important issue is to predict the future

movement to build a reliable system and enhance both the

communication in VANET and the Intelligent Transportation System.

The efficiency of the clustering algorithm depends on the mathematical

approach called the stochastic process. The joining and leaving of

vehicles to the clusters can be predicted mathematically using a Markov

process. But in this study, practical implementation is applied to

practically fit the mathematical approach of the Markov concept. The

number of vehicles in each cluster was observed in different sequential

times to observe the leaving and joining vehicles.



VII

Finally, in VANET, Information can be spread among vehicles that

contain communication equipment. Each vehicle plays the role of the

sender, router, or receiver. Warning messages can propagate among

vehicles. therefore,  the process of modelling the data dissemination in

VANET is also implemented in three types: broadcast, multicast, and

unicast and evaluated based on the proposed clustering approach in

different scenarios.

The experiments results show that the proposed clustering algorithm

performance was better than the Centre-Based Secure clustering (CBSC)

in term of clusters stability and number of created clusters, also the

metrics refer to the improvement in results with increasing network size.

In data dissemination models, the sparse scenario with unicast data

dissemination achieves good performance metrics rather than broadcast

and multicast. The proposed data dissemination model performance was

better than Clustering and Probabilistic Broadcasting (CPB) algorithm in

term of delay and packet delivery ratio.
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1.1 Introduction

The smart city is a significant application due to the current and

future development in Wireless communication technology (Hamdi et al.,

2020). The developments of the Internet of Vehicles (IoV) and Intelligent

Transportation System (ITS) help in building the wanted smart cities

(Hasson and Hasan, 2017). The ITS applications are divided into safety

applications and non-safety. Safety applications improve and achieve

safety for drivers and the roads environment, while the non-safety

applications are to provide more services to passengers during their travel

(Yeferny and Hamad, 2020).

Recently, a considerable emergence in various technologies has

been witnessed. These emerging are covering several areas such as

wireless communication, simulation, mobility machine learning tools, and

sensing technologies. Various applications have found their way to be

used and applied. However, one specific application is combining the

recently emerging fields in intelligent transportation systems (Patel and

Kaushik, 2018). It implies the existence of communication infrastructure

on the road, the vehicles sensing power, and the processing units that can

carry the algorithms. ITS provides a base network for communicating

messages and operating numerous services. Vehicle routing is

implemented to avoid traffic jams, message dissemination in emergency

cases (Yeferny and Hamad, 2020).

ITS supports wireless communication by utilizing Vehicular Ad hoc

Networks (VANET) (Hasan and Sarker, 2020). VANET can interact with
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Internet of Vehicles (IoV) to create suitable and useful wireless vehicular

network communication. Over the last years, VANET has been

considered an important field in wireless vehicular network

communication (Yeferny and Hamad, 2021). There are three familiar

scenarios in simulating VANET environments; urban, rural, and highway

(Abdel-Halim and Fahmy, 2018).

VANET, in its initial establishment, represents a self-organizing

wireless network to connect vehicles without any infrastructure. It

connects to other devices wirelessly using an On-Board Unit (OBU) to

achieve low cost and availability. There are different categories of

VANET: Vehicle to Infrastructure (V2I), Infrastructure to Vehicle (I2V),

Vehicle to Vehicle (V2V), and Infrastructure to Infrastructure (I2I) (Lee

and Atkison, 2021).

The dynamic mobility in VANET causes frequent changes in topology

and link disconnection. The prediction of future movement in VANET is a

very important issue due to the constraints of environments, traffic

conditions, and urban layout. Therefore, prediction plays a crucial role in

building an efficient VANET communication system. Most prediction

studies which are about 65% were focused on urban scenarios and only

10% focused on Highways (Abdel-Halim and Fahmy, 2018).

Clustering represents a sub-field in wireless networks to segment the

network into collections known as clusters by achieving maximum

similarity within the cluster and minimum similarity between distinct

clusters (Ramalingam and Thangarajan, 2020). VANETs clustering
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produces a network topology that offers one-hop and multi-hop

communication (Senouci, Harous and Aliouat, 2020).

There are numerous challenges in the clustering field that have not

been completely overcome yet. Most of them are related to the resulting

overhead while others are associated with the stability of the approach and

its robustness to the frequent topology changes (Lee and Atkison, 2021).

The clustering process contains three stages: cluster formation, Cluster

Head (CH) selection, and cluster maintenance. Each cluster is managed by

one selected vehicle called CH. The others vehicles in a cluster are called

Cluster Members (CMs) (Kannekanti and Nunna, 2017).

In clustering studies, some develop the clustering process especially a

cluster formation phase (Regin and Menakadevi, 2021), while others

develop or improve the CH selection phase (Cheng and Huang, 2019) and

it is the most common. There are two algorithms in the cluster formation

stage: distributed strategy and centralized strategy, in a distributed

strategy, the clusters are formed without any centralized units (Road Side

Units (RSUs)) assistance, in a centralized strategy, the cluster formation

is performed and controlled by centralized units distributed along the

roads called RSUs (Saleem et al., 2021).

The center-based strategy is representing a recently developed

clustering approach, according to (Senouci, Harous and Aliouat, 2020),

there are only 6% of recent related works used a center-based strategy

while 94% used distributed strategy. The CHs selection depends on many

parameters, the popular ones are position, velocity, and acceleration. The
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cluster stability (cluster maintains stage) plays a crucial role in network

reliability. It is an important measure of the VANETs clustering

efficiency (Almheiri and Alqamzi, 2015)(Abboud, Omar and Zhuang,

2016).

Moreover, Most VANETs clustering approaches focused on CH

selection phase while the few others were addressing the cluster creation

and cluster maintenance phases (Cooper et al., 2016). Most of the

proposed clustering approaches are not settled to convey the maintenance

steps in a generic vehicular network.

Data dissemination represents an essential challenge in VANET. Data

can be disseminated among vehicles to inform drivers about traffic,

predicted weather conditions, and expected risks (Yeferny and Hamad,

2021), (Yeferny, Arour and Bouzeghoub, 2013).

This chapter is organized as follows: section 2 refers to the problem

statement, section 3 contains the aim of the dissertation. Section 4

contains related works. Section 5 contains contributions and section 6

contains dissertation organization.

1.2   Problem statement

VANETs are characterized by their high mobility. Frequent changes

in VANET topology cause continuous network communication failures.

In such a dynamic environment, the creation and maintenance of a stable

cluster are significant challenges (Kannekanti and Nunna, 2017).
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One of the VANET environment is the highway, the towers in this

type of environment is few, the distance among vehicles is far and the

number of vehicles is little. For these reasons, the communication among

vehicles and signals transmission from the beginning to the end faced

many problems. To solve these problems we'll transfer data among

vehicles in different data dissemination models based on the clustering

approach.

Eventually, it can be concluded that building a stable cluster for the

high mobility environment of VANETs is a big challenge, due to the

frequent change in VANET topology. Hence, generated realistic traffic, as

well as an appropriate clustering algorithm for high mobility of vehicles,

is needed.

1.3  The Aim of the Dissertation

The aim of this research is to improve the data dissemination based

on the clustering approach in VANET. Hence, in order to achieve the

research aim, the following objectives are formulated:

1: To develop a cluster algorithm for selecting CH based on the relative

speed, Mean and Median in Highway scenario with different parameters.

2: To design new method for data dissemination based on clustering

approach to avoid the storm problem by using CH and RSU.

3: To develop a predictable mathematical model using Markov model and

Birth-Death process to predicate the cluster’s stability.
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4: To evaluate the performance of the proposed cluster approach in

comparison with available solutions in  a simulated network environment.

1.4  Related Works

In this section related works are divided into two categories: Clustering

related works and Data dissemination-related works.

1.4.1  Clustering Related works

In (Zhang et al., 2018),  A Passive Multi-hop Clustering mechanism

called PMC was proposed depending on the multi-hop. This method

improved reliability and reduced the cost of clustering. They found

increasing the cluster range increase the stability.

In (Alsuhli, Khattab and Fahmy, 2019), a new resilient algorithm was

proposed for clustering. In this algorithm, they focused on clusters

stability and decreased the number of clusters. Using a multi metrics to

select primary and secondary CHs. These parameters were position,

speed, and direction. Also the communication metrics like a Signal to

Noise Ratio (SNR), Link Expiration Time (LET). The stability was

enhanced by selecting two CHs, as well as it was improved the

performance and stability.

In (Cheng and Huang, 2019), the researchers proposed a new clustering

Center-Based Secure and Stable Clustering algorithm (CBSC) to decrease

the vehicle motion differences. To select CHs firstly, they calculate multi

metrics for each vehicle: summation of Euclidian distance among
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vehicles, summation of different velocities, and summation of difference

acceleration. Then, put these metrics in one equation called relative

mobility metric. The vehicle which has the smallest relative mobility

metric was the more suitable to be CH.

In (Senouci, Harous and Aliouat, 2019), the researchers proposed a

heuristic clustering method that depends on graph theory in the first phase

of clustering (cluster formation) and a second phase (CH selection), there

are primary and secondary CHs. Depending on nodes degree, neighbors,

and adjacency matrix, they reduced the chance of CH unavailability. The

proposed system achieves good performance metrics compared with the

other methods.

In (Khayat et al., 2020), the proposed clustering algorithm depended on a

weighted formula that contains: trust, distance, and velocity in selecting

CHs. The trust is a new factor which calculated for each vehicle and

added to select suitable CHs.

In (Karthikeyan, 2021), the researcher proposed a clustering algorithm,

called the adaptive clustering algorithm. As a first step, he selected RSUs

as initial CHs due to the loss of data and communication disconnection.

Then in the second step, They  divided  the network into static zones and

selected CHs depending on positions, velocity, and buffer size. The final

step contains using Nero Fuzzy Rules to predicate the CHs efficiency. The

proposed system success in decreasing congestion, delay, and Packet

Delivery Ratio (PDR).
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In (Regin and Menakadevi, 2021), the researchers proposed a density-

based dynamic clustering (DBDC). The algorithm clustered according to

the dense regions in-network by finding the average vehicle density as a

threshold using Received Signal Ratio (RSS). The proposed system

improves stability and decreases congestion.

1.4.2 Data Dissemination Related Works

In (Shen et al., 2014), a data dissemination strategy was proposed. The

main challenge is to avoid collision and delay with maximum

dissemination when the data was transmitted to the nodes. Their proposed

system depends on a scheduling perspective to improve the data

dissemination by sharing data with neighbor nodes. The authors used the

average downloading delay as a performance metric to evaluate their

study.

In (Li and Li, 2014), proposed a Multi-Criteria-based Relay Election

Protocol for Data Dissemination in urban VANETs (MCRE-DDP). The

relay node depends on several parameters in its selection, such as signal-

to-noise ratio, speed, the distance between sender and receiver. The

utilized performance metrics are redundancy ratio, link load, and speed.

In (Liu et al., 2018), the data was disseminated based on clustering and

probabilistic broadcasting. Firstly the clustering step is applied, then, the

CM finds the forwarding probability depending on the value of a local-

installed counter to guarantee the information coverage as well as packet

delivery ratio.
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Table 1.1 Related Works Summarization

Referen-
ces

Scena-
rio

Algori-
thm
type

Techniques Performance
metrics Simulator

(Zhang
et al.,
2018)

Rand-
om

Distri-
buted Multi hop Overhead,

CH changing NS2

(Alsuhli
,
Khattab
and
Fahmy,
2019)

Urban
or
High-
way

Distri-
buted

Select CHs
according to
vehicle speed,
position, and
direction,

Link
expiration
time (LET)
The signal-to-
noise ratio
(SNR)

SUMO
and NS3

Cheng
and
Huang,
2019)

High-
way

Centra-
lized

Combining
velocity,
acceleration
and

CH lifetime,
CM lifetime,
Packet loss.

OMNET
++

(Senouc
i,Harou
s and
Aliouat,
2019)

High-
way

Centra-
lized

Heuristic
function in
cluster
formation

Overhead,
CH lifetime,
CM lifetime,
CH change
number

NS2

(Khayat
et al.,
2020)

Rand-
om

Distri-
buted

The
trust, the
distance, and
the velocity
are used in CH
selected

Delay MATL-
AB

(Karthik
eyan,
2021)

Rand-
om

Centra-
lized

Divided roads
to static
regions then
apply Neuro
fuzzy
prediction
based CH
selection.

End to end
delay,
Congestion

MATLA
B

(Regin Rand- Distri- density based CH duration, NS2
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and
Menaka
devi,
2021)

om buted dynamic
clustering
(DBDC)

CM duration,
Average
delay,
Overhead

(Liu et
al.,
2018)

High-
way

Distri-
buted

Data
dissemination
based on
clustering with
probability

Packet
Delivery
Ratio, Delay,
Information
coverage

NS2

In the proposed system, we differ from the related works in the CH

selection method based on average speed and median concept which

represent the key parameter in highways. Therefore the comparison with

(Cheng and Huang, 2019) and (Liu et al., 2018) produces a good optimizer

results. The most relate works are (Karthikeyan, 2021), (Alsuhli, Khattab

and Fahmy, 2019), (Cheng and Huang, 2019), and (Liu et al., 2018).

1.5 The Contributions

In this dissertation, the simulation was applied to VANET Highway

scenarios with different parameters such different number of vehicles,

different cluster size , different acceleration and deceleration. The

contributions in this dissertation abstract are as follows:

1: Proposed a clustering algorithm depending on the relative speed , Mean

and Median in CHs selection as an essential parameter in a Highway

scenarios.

2: Proposed a predictable mathematical model using the Continuous

Markov Model (CMM) using the birth-death process to predicate the
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cluster's stability after a specific period of time. This process is achieved

based on a derivative mathematical equation from the cases of vehicles

leaving and joining the clusters.

3: Proposed a new method of Data dissemination in VANET based on the

clustering approach. The proposed method avoids the storm problem, this

can be done by disseminating messages among vehicles using CHs and

RSUs. The proposed system excludes the rebroadcasting to send the

message to the destination(s).

The developed clustering algorithm depends on RSUs in clusters

formation and CH selection. The RSUs play the crucial role in

management the clusters inside to controlling the data dissemination in

each case.

1.6 Dissertation Organization

In addition to the first chapter, this dissertation contains the following

chapters:

• Chapter Two: which is entitled Theoretical background. In this chapter,

VANETs are clarified with challenges and applications. Clustering in the

VANET approach is discussed with criteria and types. Prediction is

explained especially prediction using Markov. As well, Data

Dissemination in VANET is explained. The performance metrics are

discussed in both clustering and data dissemination. Also, the benchmark

is explained which is compared with the proposed clustering algorithm.
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• Chapter Three: In this chapter, the proposed clustering algorithm is

clarified as well as the method of applying the CBSC algorithm in the

proposed environment. The prediction mathematical model is explained

and its equations. The data dissemination in the three models is clarified

in detail.

• Chapter Four: The results are discussions were presented in this

chapter. The most effected performance metrics and evaluations and their

relations were also presented and listed as graphs and tables. All the

clustering and data dissemination calculations for each data dissemination

model were listed and discussed. A comparison among many cases for

different scenarios were also performed. Another comparison between

proposed clustering algorithm and benchmark was also stated.

· Chapter Five: Conclusions And Future Works were presented in this

chapter .



CHAPTER TWO

THEROTICAL BACKGROUND
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2.1 Introduction

VANET helps in providing users with safety and infotainment. These

goals require stable communication. However, the dynamic topology and

frequent communication disconnection in VANET conflict with this

requirement. The famous solution for this problem is clustering, there are

many proposed algorithms in this field, The stability of the cluster

represents the essential requirement in the clustering algorithm. On the

other hand, Data dissemination represents the big challenge in VANET. In

this chapter, all the previous concepts are clarified in detail. This chapter is

organized as follows: Section 2 clarifies VANET and its applications.

Section 3 refers to the clustering techniques. Section 4 explains prediction

in VANET and Section 5 reviews data dissemination in VANET.

2.2  Vehicular Ad hoc Network

VANET is created spontaneously according to the Mobile Ad hoc

Network (MANETs) principle. It represents the most technology that

assists vehicles communication in many applications such as pedestrian,

traffic, entertaining passengers, and supporting drivers. The purpose of

VANET is to provide information to enhance safety. This information is

about traffic, accident, and weather conditions. Vehicles can communicate

together as Vehicle to Vehicle (V2V), Vehicle to Infrastructure (V2I), and

Infrastructure to Infrastructure (I2I). The combination of V2V and V2I also

called V2X.  It is a main component of ITS
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Figure 2.1 VANET overview (Shahid, 2019)

as shown in Figure 2.1.  Previously, VANET was known as a car-to-car ad

hoc in 2001, where the information can be transmitted among cars. From

this time, the principle of the vehicle to vehicle and vehicle to RSU

communication was proved that it will be important in the future in

navigation, road safety, and other road services (Talib et al., 2019).

Vehicles are used by people daily intensively. There are lots of roads

accidents caused by vehicles, which caused humans death, therefore,

sharing information among vehicles is very important and supportive to

ITS. This information is founded on two types: safety information and

non-safety information (Saleh and Hasson Aljebori, 2019). The first one is

important to inform the drivers about predictable accidents and avoid them.

The second contains transmit general information about the trip or weather.

There are three environments in VANET (Najafzadeh, Ithnin and Abd

Razak, 2014):
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(a) Urban                                 (b) Highway

Figure 2.2 VANET environments sample (Allani, 2018)

· Rural Scenario: this type is characterized by low traffic density and

the disconnection of the network. The network in this scenario is

divided into many distinct groups which cannot connect directly

because they are far from each other. The communication of this type

is done based on any near infrastructure (Najafzadeh, Ithnin and Abd

Razak, 2014).

· Urban Scenario: in this type, there are lots of vehicles in the road

segment which helps in the process of finding the path from source to

destination. The speed is frequently changed between high and low

according to road conditions as shown in Figure 2.2a (Najafzadeh,

Ithnin and Abd Razak, 2014).

· Highway Scenario: in this type, the traffic style is different from the

previous types, the speed is very high without traffic lights or

crossovers. The density of vehicles is different according to time, for

example, at the night, vehicles are sparse, unlike the rush hours.
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Similarly, at weekends, during holidays, at matches, and on occasions,

the traffic conditions are different as shown in Figure 2.2b

(Najafzadeh, Ithnin and Abd Razak, 2014).

2.2.1 Communication in VANET

In VANET, there are many types of communications: Vehicle to

Vehicle (V2V), Vehicle to Infrastructure (V2I), and Infrastructure to

Infrastructure (I2I) which is called hybrid communication. The next

subsections will give an overview of each type of them:

· Vehicle to Vehicle

This type of communication permits the vehicles to talk with others. It

uses a 5.9 GHz frequency band using protocol IEEE 802.11p. This

communication type is used for safety and data exchange. Data may be the

vehicle's speed, position, number of persons in the vehicle, brake status,

etc. V2V communications help a vehicle to sense the danger depending on

the position of the other vehicles. This communication type is usually uses

Dedicated Short Range Communication (DSRC) (Tanuja et al., 2015). The

advantage of V2V: short and medium communication range is allowed, it

works without the need for RSUs, its cost is low, it is fast and reliable in

providing passenger's and vehicle safety (Al-Sultan et al., 2014).

· Vehicle to Infrastructure

In this type, vehicles can be connected with RSUs to exchange data

and information. Vehicles connect to RSUs to extend their communication

range. When the source and destination aren't in the same range, the source
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sends packets to RSU. V2I provides a wide range of communication. In

V2I, the vehicle connects to RSU through On-Board Unit (OBU). It

contains a radio transceiver (DSRC), GPS, application processor, memory

unit to save information, sensors, and a Human-Machine Interface (HMI).

OBU provides the connection from a vehicle to RSU and from a vehicle

with its nearby vehicles. It also transfers messages regularly to other OBUs

for supporting safety and applications among vehicles (Tanuja et al.,

2015).

· Infrastructure to Infrastructure

RSUs can communicate together to exchange the data and important

information for the users. Each vehicle contains an application with GPS

which helps in determining its position and the nearby RSU. Each RSU

sends a HELLO message for getting confirmation. All the information is

provided to the users (Shanmuga Priya.S, 2014).

2.2.2 VANET Applications

Over the last years, many researchers trying to improve and propose

VANET applications. In VANET, the connection is very important to

receive all the information about the weather, surrounding vehicle's status,

etc. The latest VANET development represents online file sharing, real-

time video updates, and entertainment via connection to the Internet

through RSUs.
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2.2.2.1 Safety Applications

These applications aim to prevent accidents, damage and save human

lives on the road, also deliver safety-related information to the vehicle’s

divers. In this type, an alarm message was associated with road events to

notify the driver. The information contains incident management and

nearby vehicles (Rasheed et al., 2017). Most of these applications are

collision avoidance and incident management (Hamdi et al., 2020).

2.2.2.2 Unsafety Applications (Infotainment)

This application provides passengers with suitable information and

entertainment to achieve people’s comfort and improve traffic efficiency.

It provides the drivers with Internet connectivity, the location of shopping

malls, restaurants, etc. (Ahmad et al., 2018). This application contains

two types: entertainment and background information (Hamdi et al.,

2020).

2.2.3 VANET Characteristics

VANET was characterized by the following features (Domingo and

Reyes, 2012), (Jarupan and Ekici, 2011)

1) VANET is composed of a huge number of vehicles, particularly when

the traffic intensity is high.

2) VANET's applications are aimed to save and improve ITS and future

safe driving vehicles.
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3) The multi-safety applications connected with VANET are trying to

transfer the corresponding information about the traffic to all vehicles

in the region of interest (Li, Zeng and Lou, 2011).

4) In VANET, there is a predefined network structure that allows vehicles

locations to be determined. The connection among vehicles can be

disconnected due to obstacles and other reasons on roads (Arshad et

al., 2018).

5) The dynamic topology of VANET is a distinctive trait, due to the high

movement of vehicles. Therefore, the topology connections in fast

movements are not highly secure (Hamdi et al., 2020).

6) Vehicles are already having a power source. So, they have no problem

with power (Hamdi et al., 2020).

2.2.4 VANET Challenges

There are many considerations in VANET's design such as dynamic

topology, high speed, driver behavior, and mobility constraints which

represent the famous features of VANET. These features have an effective

impact on networks efficiency, therefore, some of the challenges can be

addressed (Misener, Biswas and Larson, 2011)(Fernandes and Nunes,

2007):

2.2.4.1  Node Velocity

In VANET, nodes either RSU's or vehicles, the first has zero velocity,

the second can be reached 200 km/hour on Highway. The velocity will

represent a crucial component of VANET because the connection in this
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case will have an exceptional challenge (Hamdi et al., 2020). The coverage

area of RSU's is about 1 kilometer, while the vehicles are forced to leave

the coverage area in a few seconds due to their high velocities . The

clustering approach is the appropriate solution for inflated velocity

especially in highway scenarios (Bao et al., 2020).

2.2.4.2  Movement Patterns

In VANET, there are three scenarios: Urban, Highway, and Rural.

High mobility is essential for the nature of Highway roads. The vehicles

move in two directions using predefined roads. The irregular changes

always happen at road crossing points. In this challenge, there are many

proposed protocols. In (Contreras and Gamess, 2020) the authors proposed

a protocol used to select the best way for communication using a weighted

graph. In (Soleymani et al., 2020) the authors proposed a protocol used to

count the vehicles in traffic lights and propagate BEACON messages from

RSU to the vehicles at the end of the waiting line. The BEACON messages

are periodically sent among vehicles and neighbors in (1-hop). Therefore,

in the movement pattern, the speed, distance, reliability, and path must be

described in the proposed protocol. Also, the spectrum sensitivity measure

depends on the number of specific channels and consistency.

2.2.4.3  Node Density

Density is one of the important challenges in VANET. The number of

vehicles may be increased from zero to hundreds  or thousands in the

mutual radio range.  Many studies dealt with nodes density. In (Hamdi et
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al., 2020) the authors depend on trust to measure credibility and collect

information like the vehicle's position.

2.2.4.4  Scalability

Scalability means there is no performance degradation of a network

despite the expansion in network size. Since hundreds or thousands of

vehicles are deployed on roads, the designer should be careful about

dealing with possibility of extending the network. However, this high

density of vehicles has to be exploited to cover as large area as possible.

(Tanuja et al., 2015).

2.2.4.5  Frequent Disconnection:

The high speed in VANET causes frequently changes in its topology.

In this case, RSUs as infrastructure are very important to assist the V2I and

V2V  communications (Tanuja et al., 2015).

2.3 Clustering in VANET

However, there are many issues in VANET, such as efficient data

dissemination, network scalability, and stable network topology. To study

VANET's behavior and evaluate its performance, the clustering technique

must be the first step to controlling its changeable topology and building a

meaningful group of vehicles (Yeferny and Arour, 2012) (Talib et al.,

2020).

In VANET, the process of grouping vehicles in a virtual separated

group is called the clustering approach.  It represents a controlling
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mechanism in VANET. Clustering represents an Unsupervised Machine

Learning tool. At least there is one vehicle called CH in each cluster. Also,

there are several vehicles in the cluster called CMs. The CH represents the

leader of a cluster which joins CMs with the outside clusters (Ren et al.,

2021).

Also, in overlapped clusters, there is a Cluster Gateway (CG) which

shares two or more clusters at the same time (Katiyar, Singh and Yadav,

2020).

The clustering process gives the network a hierarchical system. This

system meets specific requirements, such as Quality of Service (QoS),

scalability, load balancing, and network stability (Senouci, Harous and

Aliouat, 2020). There are two cluster topologies, single-hop and multi-hop

(Wang et al., 2008)(Maslekar et al., 2011).

Figure 2.2: Clustering Topology
(a) single-hop clustering, (b) multi-hop clustering (Ren et al., 2021)
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Most clustering algorithms start with the CH selection phase followed

by the clusters formation phase. After the CH selection stage according to

specific criteria as will be described later, the cluster forms by CH

according to predefined criteria such as distance, cluster radius,

transmission range, etc. In single-hop topology, cluster formation depends

on the information of the vehicles which are at the one-proximity hop

distance as shown in Figure 2.2(a).

In this topology, the cluster formation time and overhead are reduced.

On the other hand, in dense networks, the single-hop topology causes

collisions and a low Packet Delivery Ratio (PDR). When the network is

sparse (low density), the probability of CH staying single is high, because

no neighbor is affiliated with it. In multi-hop topology, cluster formation

depends on the information of the vehicles which are at the K-proximity

hop distance as shown in Figure 2.2 (b).

In the last years, multi-hop topology becomes more used in clustering

algorithms, because it increases information transmission and decreases

both disconnection and re-affiliation (Ren et al., 2021).

(a)
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(b)

Figure 2.3: VANET Scenarios
(a) Flat network, (b) clustered network (Katiyar, Singh and Yadav,

2020)

2.3.1 Clustering Role in VANET

Data dissemination protocols among vehicles require flood and relay

data in the network. When data flooded to all neighbors, they received a

broadcast packet from the source, then they rebroadcast these packets to

their nearest neighbors. The iteration of rebroadcasting among vehicles in

the dense flat network causes broadcast storm problem which as shown in

Figure 2.3 (a) (Latif et al., 2018). In the flooding approach, the chance of

receiving data to the destination decreases with flat multi-hop networks

(Latif et al., 2018).

The probability of receiving data increases with delay and overhead

increasing. A clustering approach is an appropriate solution for such a

problem. In a multi-hop model, it is important to find the best route to send

data from source to destination (Hadded et al., 2017).

There are three types of routing protocols: Proactive, Reactive, and

Geographical (Kumar and Dave, 2011)(Dua, Kumar and Bawa, 2014). All

of them have limitations and drawbacks in VANET environments.

Proactive is not suitable due to frequent topology changes of VANET.
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Reactive has a high delay in network establishment. Geography can't work

in a dynamic environment because it needs to detect the location of

vehicles using GPS. The limitations of routing protocols increase the

requirement to use a routing protocol that improves network reliability and

scalability and decreases the delay. In routing protocols based on

clustering, the network is divided into subgroups called clusters. The

routing protocols which work inside the cluster are called intra-routing

protocols (Paul and Islam, 2012).

The routing protocols which work among clusters are called inter-

cluster routing protocols. In both types, CH takes all responsibilities of

routing instead of all cluster's vehicles (Katiyar, Singh and Yadav, 2020).

Figure 2.4 Cluster Formation methods ratio

(Senouci, Harous and Aliouat, 2020)

2.3.2  Cluster Formation Methods

According to (Senouci, Harous and Aliouat, 2020), there are two

famous strategies in cluster formation: center-based cluster formation and
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distributed cluster formation. Figure 2.4 shows the ratio of studies that

work in each of these two methods. The less percentage of the center-based

is due to the reason that this approach is applied in the current years due to

the technological developments.

2.3.2.1 Center-Based Cluster Formation

In this strategy, a central node takes the role of cluster formation and

node's affiliation to suitable clusters. RSU is always used as a central node

which takes the role of an administrator who forms clusters and informs

each node about its affiliation. The modern trends in clusters formation

algorithms depend on this type (Cheng and Huang, 2019), (Rossi et al.,

2017), (Talib et al., 2020), and (Senouci, Harous and Aliouat, 2019). In the

beginning, RSUs send a HELLO message to all nodes to inform the

network availability, then, each node sends its request to the corresponding

RSU, finally, RSUs send to each node its affiliation and role.  According to

(Abdel-Halim and Fahmy, 2018), there is only 6% of studies was used this

strategy center-based cluster formation strategy will be considered and

applied in this dissertation.

2.3.2.2  Distributed Cluster Formation

In this strategy (which is not based on RSUs), each node in the

network, after receiving the information from its neighbors, seeks to find

the CH then sends an affiliation message to this CH. Many studies used

this strategy such (Azizian, Cherkaoui and Hafid, 2016), (Alsuhli, Khattab
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and Fahmy, 2019), (Chen et al., 2015), and (Alioua et al., 2017). There is

96% of studies was used this strategy as indicated in Figure 2.4.

Figure 2.5  CH selection metrics (Senouci, Harous and Aliouat, 2020)

2.3.3 Cluster Head Selection Criteria

There are many criteria to select the CH. These criteria are shown in

Figure 2.5.  The following sections are describing these criteria :

1) Neglected metric: the CH selection in this type is done without any

metric. It usually uses Heuristic algorithms in CH elections which have

two goals: run time and finding the optimal solution (Maizate and El

Kamoun, 2013).

2) Random metrics: this type contains early algorithms for MANET

clustering. In this type, a random value is used as a metric for CH

selection(Nguyen et al., 2015).

3) Position metrics: These metrics depends on Euclidian distance and

GPS.
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4) Mobility metrics: this metric depends on the mobility parameters in

selecting the CH such: as the signal, acceleration, velocity, and link

stability (Fan et al., 2011).

5) Combined metrics: In selecting the CH process, many metrics such as

velocity, acceleration, and density can be collected in one weighted

algorithm to select the set of CHs.

6) Destination metrics: the clustering algorithms can use information

about mobility metrics related to the destination object like current

location, speed, and  etc. .

2.3.4  Center-Based and Secure Clustering Algorithm

A certain VANET clustering approach called Center Based and Secure

Clustering algorithm (CBSC) algorithm is utilized as a benchmark in this

dissertation (Cheng and Huang, 2019). CBSC is analyzed and stated in the

following statements.  At the beginning, each node sends its information to

the near RSU, the information represents by vehicle's ID, acceleration,

position, current speed and direction. RSUs take the role of clusters

management in this approach. CH represents messenger CMs and RSU to

exchange information. Each vehicle is able to communicate using DSRC

and LTE. The vehicles communicate as intra-cluster using DSRC, while

the vehicles communicate as inter-cluster using LTE. CBSC performs

better cluster stability and packet delivery ratio compared to some other

algorithms. The CBSC clustering algorithm stages are (Cheng and Huang,

2019):

A: Clusters formation step: in this step, the vehicles send a BEACON

message to the nearest RSU. After that, the system analyzes the
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information of position to detect the center of the high density of vehicles.

If the density is not high, the system applies an improved a-highest degree

algorithm. this algorithm was developed to sure the distance between every

two vehicles is larger than DSRC. The system draws dots in the map then

applies the blob detection algorithm (Lindeberg, 1998). The last algorithm

uses to detect the centers of the highest density then forms the clusters.

B: CH selection step: The CH selection is an important step in any

clustering algorithm. In CBSC, the CH selection criteria are dependent. To

elect CH which provides stability to the network, a relatively mobility

metric M is calculated as follow: for a cluster that contains N vehicles,

there is a vehicle k, the difference in a location distance (Dk) between it

and all N vehicles in the cluster can be calculated using Equation (2.1)

(Cheng and Huang, 2019):

Dk = ∑ ඥ(ݔ௞ − ௡)²ݔ + ௞ݕ) − ௡)²ேݕ
௡ୀଵ ……….(2.1)

The difference between velocity v of vehicle k and all other N vehicles

in the same cluster known as (Vk) is calculated using equation (2.2) (Cheng

and Huang, 2019):

Vk = ∑ | ௞ݒ − ௡|ேݒ
௡ୀଵ ………..….(2.2)

The difference between acceleration a of vehicle k and all other N

vehicles in the same cluster known as (Ak) is calculated as in equation (2.3)

(Cheng and Huang, 2019):

Ak = ∑ | ܽ௞ − ܽ௡|ே
௡ୀଵ ………..….(2.3)
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The relative mobility metric M is calculated as in equation (2.4) (Cheng

and Huang, 2019):

Mk = ∝ × ஽ೖ
୫ୟ୶{஽೙|∀௡∈஼௜}

+ β × ௩ೖ
௠௔௫{௩೙|∀௡∈஼௜}

+ ߲ × ஺ೖ
୫ୟ୶{஺೙|∀௡∈஼௜}

…(2.4)

where ,ߙ and ,ߚ ߲ are weighted coefficients. The summation of ∝, β,

∂ must be 1. These coefficients are used to control the traffic, velocity, and

acceleration parameters, for example, if the traffic condition is good, ∝

must be higher than the other coefficients. The smaller value of M

indicates the vehicle which has small mobility changes compared with

other vehicles in the cluster, it represents the most vehicle suitable to

become CH in this algorithm approach.

2.4 Prediction in VANET

The nature of VANET such as its high mobility and large-scale

network directly affects the dynamic change in deployment. This causes

additional overhead and delays. The most important issue is to predict the

future movement to build a reliable system and enhance both the

communication in VANET and the ITS. The movement in VANET is

more regular than in the Mobile Ad hoc Network (MANET), for example,

a vehicle moves and saves its current speed with a certain time to reach the

goal.

In VANET, to predict the location, each vehicle is provided with a

Global Position System (GPS) to provide continuous future information

about the location. However, the GPS information is not accurate in all

conditions, as in covered streets it may not be as effective. Predicting the
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future deployment of VANET may depend on the vehicle's speed,

direction, and current location. The clustering approach is an important

step to deal with VANET to control its behavior and predict it. Therefore,

the proposed system is applied to the clustered network to predicate the

stability of clusters, to predict the network stability.

There are many studies about prediction in VANET, (Rashid et al.,

2020), the authors' studied prediction in VANET based on clustering to

increase coverage area, and study link stability.  Using prediction in

VANET is performed by several methods, like a linear regressing model,

mathematical statistics, neural network, historical trend extrapolation,

Kalman filter, and the time series method (Zhang, Boukerche and Pazzi,

2011),(Ahmad et al., 2018).

As for the approach adopted in this dissertation, the birth-death

process is used to predict cluster stability in the future as one of the

efficient tools in VANET prediction.

2.4.1  Stochastic Process

Mathematical models can be divided into probability models and

deterministic models. Through this division, probabilistic models are more

appropriate to represent most of the life phenomena. The use of

probabilistic models is more used than their specific counterparts, as they

are given in form of groups or families of random variables instead of a

single value for the random variable. Random variables are grouped using

a parameter such as time. These are known as stochastic processes (or

random/chance processes (Ge, Gao and Quan, 2018).
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The theory of stochastic processes plays an important role in the

investigation of the stochastic phenomenon depending on time. The first

results were achieved in this field with the research on Brownian motion,

telephone calls, and traffic accidents. The basis for the mathematical theory

of stochastic processes was given by A. N. Kolmogorov (1931) and since

then the theory and practice of stochastic processes in it have not

undergone significant development (Vvedenskaya et al., 2018).

The birth-death process is a continuous Markov process in which only

two ways are stated: birth, which increases the state variable by one, and

death, which decreases the state by one. The name of the model is derived

from a population representation where transitions are literal births and

deaths. The process of birth and death can be used to observe the number

of vehicles in a cluster. When birth occurs, the process goes from state n to

state n+1. When a death occurs, the process goes from state n to state n-1

(Rasheed et al., 2017)

2.4.1.1 Continuous Markov model (Birth-Death Process)

Markov chains and processes represent stochastic processes with

special property. This special property states that the current value depends

only on the previous value and the next future value can be estimated from

the current value. A birth-death process (as a Markov process) is

commonly used to analyze, describe and evaluate the process of estimating

the changing in arriving or departing entities number through time (Steel,

Hordijk and Kauffman, 2020).

A birth-death model represents a useful type of continuous-time Markov

chain. This model has different applications in modeling most of the
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queuing problems.  When the arrivals to any queuing system follow a

Poisson process and its departure distribution (or its service times) follow

an exponential distribution, then this system can be modeled and analyzed

by utilizing the birth- death process. The important parameters in analyzing

and modeling such systems are the creation of the steady-state probabilities

for a general birth-death process (Tavaré, 2018).

Figure 2.6 Birth-Death process

A continuous-time birth-death process is analyzed based on certain

transition property. As shown in Figure 2.6, the probable transitions are to

decrease the state by one, increase the state by one or to keep the state as it

is without change.  Decreasing the state is known as (death process),

increasing the state is known as (birth process) and no change is known as

no-birth and no-death process(Steel, Hordijk and Kauffman, 2020).

Definition 2.1 (Birth and death process) {N(t):t≥0} is a birth and death

process if there exist {λi}i≥0, {μi} i≥0 with μ0 = 0 and μi,

λi ≥ 0 such that:
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P ( N (t + ∆t) = i+1| N(t) = i) = λi∆t + O(∆t) ……….(2.5)

P ( N (t + ∆t) = i−1| N(t) = i) = μi∆t + O(∆t)

P ( N (t + ∆t) = i | N (t) =i) =1− ( λi + μi ) ∆t + O(∆t)

P ( N (t + ∆t) = i + m | N(t) = i) = O (∆t) | m | >1

Equation (2.5) tells us that if the number of events happened

in [0,t][0,t] is i, then how many events will occur in (t,t+∆t] (t,t+∆t]. If we

denote to:

pj (t) = P (N (t) = j), and for P (N (t + ∆t) = j) we have

P (N (t + ∆t) = j) = ∑ P(N(t + ∆t)௜ = j| N(t) = i) P (N (t) = i)

= P(N (t + ∆t)=j | N (t) = j) P (N(t) = j) +P (N (t + ∆t) = j | N (t) = j−1) P

(N(t) = j−1) +P(N (t + ∆t) = j | N (t) = j+1) P (N(t) = j+1)

+∑ P(N (t + ∆t)௜ஷ௝,௝ିଵ,௝ାଵ = j | N(t)=i) P (N(t) = i)

It implies that

pj(t+∆t)=[1− (λj+μj) ∆t] pj(t) + [λj−1∆t]pj−1(t)+[μj+1∆t]pj+1(t)+O(∆t)....(2.6)

If Xt represents the population size at time t, and the goal is to determine

the population after Δt, it is not necessary to know the population in the

past, it is sufficient to know the number at time t only. This process is an

approximation of the Poisson process which is also a Markov process.

2.5 Data Dissemination

Lots of people lose their lives or infect with deformities due to

accidents or sad sudden events on roads, as well as losing fuel and time in

the traffic jam. Providing vehicles with timely and frequent information
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about traffic conditions and unexpected occurrences to dangerous events

can improve human safety, ITS efficiency, reduce fuel loss and time

(Sutariya and Pradhan, 2010). In VANET, Information can spread among

vehicles that contain communication equipment’s. Each vehicle plays the

role of the sender, router, or receiver. Warning messages can propagate

among vehicles to inform about traffic, weather conditions, unexpected

events, etc. This  process can be done through DSRC which has a low to

medium range, which can connect V2V and V2I (Lochert et al., 2007).

2.5.1 Data Dissemination Types

The data dissemination is the message exchange among vehicles and

RSUs through V2V, V2I, and I2I. There are many types of data

disseminations:

A) V2I/I2V  Forwarding  (Vehicle  to  Infrastructure  or Road Side Unit)

In V2V, V2I, there are two types of data dissemination: push and pull.

In Data dissemination which is based on push, the message is easily

transferred from one vehicle to another or RSU. This type is more

suitable in a dense network or announcements. In Data dissemination

which is based on the pull, each vehicle can request information about

the location. This type uses for inquiries about parking or nearby coffee

shop etc. in other words the inquiry about information not related to

users (Tomar, Chaurasia and Tomar, 2010).

B) V2V Forwarding (Vehicle to vehicle)

In Flooding, the information was made and received in the area. each

part takes its role in data spread. This type is useful for low-traffic
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regions, unlike Relying, this type is more suitable for congestion dense

networks (Rashid, Hamdi and Alani, 2020).

C) Geographical Forwarding

In VANET, the frequent changing in topology leads to the fact there is

no final shape in the network, therefore, Geographic dissemination uses

to spread data to the nearest point to the destination.

D) Opportunistic Forwarding

opportunistic routing (information-driven) is one of the data

dissemination types.  In this type, each vehicle has an ability to

overhears the transmission and a neighbor vehicle (closest one) can

perform the forwarding process. The other vehicles in the road will

ignore and drop the packets. The essential benefits this dissemination

type, are to combine many weak links into single strong link and to

increases the throughput with improving in the quality of the links

(Pophali and Yengantiwar, 2014).

E) Cluster-Based Forwarding

Cluster-based algorithms represent one of the most important

applicable algorithms in VANET.  It received more consideration by

most of the VANET researchers. Cluster-based algorithms are always

tries to improves the network performance or at least keep the

performance of the VANET in a satisfactory level (Hasson and Abbas,

2021). This routing algorithm is suggested and developed in current and

future research’s due to its features as scalable, efficient and distributed.

The proposed approaches are focused on certain cluster formation phase,

proposed algorithms to select the cluster heads and ensure the cluster

stability by maintaining the clustering process phase.
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2.5.2  Evaluation Metrics

The effective clustering algorithm is evaluated based on the stability of

created clusters, especially the long time of the vehicle when it represents a

CH or CM as a measurement called CH duration and CM duration. Also,

the average number of clusters must be minimized. The cluster stability is

heavily depends on the average number of CHs in each simulation run

(Talib et al., 2020).

Following are some of the important metrics that can be used in

evaluating the stability of the VANET clusters (Rathore, Yadav and

Chauhan, 2020)

1) The Clusters Efficiency

The efficiency of clusters can be defined as the percentage of vehicles

participating in a clustering procedure during the simulation run (Ren et

al., 2017).  It is calculated as shown in equation (2.7).

Clusters Efficiency = ௡௨௠௕௘௥ ௢௙ ௩௘௛௜௖௟௘௦ ௜௡ ௖௟௨௦௧௘௥ି ௡௨௠௕௘௥ ௢௙ ௢௨௧ି௟௔௬௘௥
்௢௧௔௟ ௡௨௠௕௘௥ ௢௙ ௩௘௛௜௖௟௘௦

∗ 100 … …(2.7)

2)   Average CH Duration

The average CH duration indicates the goodness of the clustering

algorithm. It represents the average periods when the node stays as a CH

before changing its state to CM. The goal is the highest average time to CH

duration, which refers to the less changeable in CHs. It can be calculated as

in Equation (2.8) (Ren et al., 2017).  .
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Average CH duration = ∑஼ு௦ ௣௘௥௜௢ௗ௦
௡௨௠௕௘௥ ௢௙ ௖௛௔௡௚௜௡௚ ௙௥௢௠௔௡௬ ௢௧௛௘௥

௦௧௔௧௘ ௧௢ ஼ு
…….. (2.8)

3)  Average CM duration

This metric is similar to the previous one. It represents the average

periods when the node stays as a CM before changing its state to another

state. It can be calculated as shown in equation (2.9). This metric refers to

the clustering approach stability. The goal is to maximize its duration (Ren

et al., 2017).

Average CM duration = ∑஼ெ௦ ௣௘௥௜௢ௗ௦
௡௨௠௕௘௥ ௢௙ ௖௛௔௡௚௜௡௚ ௙௥௢௠௔௡௬ ௢௧௛௘௥

௦௧௔௧௘ ௧௢ ஼ெ
…….. (2.9)

4)  Average Clusters number:

It represents the number of the total created clusters in each simulation

run. In each simulation run different clusters are created initially and they

can have merged or destroyed based on the nodes mobility and other road

environments. The goal is to minimize it (Ren et al., 2017).

There are many evaluation metrics can be used to evaluate the VANET

behavior. Most of these metrics are:

5) Throughput: can be measured as average throughput, the total number

of packets that transfer divided by total times. This can be estimated by

equation (2.10) (Hasson and Abbas, 2021):

Throughput = (௡௨௠௕௘௥ ௢௙ ௥௘௖௘௜௩௘ௗ ௣௔௖௞௘௧௦× ௦௜௭௘ ௢௙ ௣௔௖௞௘௧ )
௧௢௧௔௟ ௧௜௠௘

…….(2.10)



CHAPTER TWO THEROTICAL BACKGROUND

41

6) Average End to End Delay (E2E): it is an important factor in data

dissemination. It can be calculated by dividing the total time of transfer

the message from source to another nodes until  it reach to the

destination  by  the summation of received packets. As shown in

equation (2.11) (Hasson and Abbas, 2021):

Average End to End Delay =

∑ (்௜௠௘ ௢௙ ௥௘௖௜௘௩௘ି்௜௠௘ ௢௙ ௦௘௡ௗ௜௡௚೙ೠ೘್೐ೝ ೚೑ ೛ೌ೎ೖ೐೟ೞ
೔సభ

௡௨௠௕௘௥ ௢௙ ௣௔௖௞௘௧௦
……………..(2.11)

7) Packet Loss: it can be calculated by subtracting the summation of

received packets from the total created packet as shown in equation

(2.12).

Packet loss = no. of sended  packets – no. of  received packets….(2.12)

8) Packet Delivery Ratio (PDR): it can be calculated by dividing the

summation of received message by the summation of created message as

shown in Equation (2.13)

Packet Delivery Ratio (PDR) = ∑௡௨௠௕௘௥ ௢௙ ௥௘௖௜௘௩௘ௗ ௣௔௖௞௘௧௦
௡௨௠௕௘௥ ௢௙ ௦௘௡ௗ௜௡௚ ௣௔௖௞௘௧௦

* 100….(2.13)

2.6 VANET Simulation

There are many simulators used to simulate VANET, which provide lots

of models, it supports applicability and scalability. SUMO (Simulator for

Urban Mobility) is one of the famous VANET simulators, which uses to

model traffic mobility, especially in urban.  Network Simulator 2 (NS2),

Network Simulator 3 (NS3), and Objective Modular Network Testbed in
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C++ (OMNeT++)are used in VANET simulation but they aren't used in

road traffic simulation. Netlogo is a brilliant tool to simulate agent

behavior. Several studies have used it to simulate different works related to

vehicular networks. Designing an agent based modeling requires defining

three main components agents, environment, and interactions. This process

is not all. Describing agent-agent and agent-environment interactions is

another need designer should carefully take into account. Besides, there are

also two additional components. The first one is Observer who is

responsible to ask agents what they should do. The second component is

Schedule which is related to what the observer should use to ask agents. In

this context, Netlogo provides two buttons in its interface SETUP and GO.

The Designer clicks SETUP and then GO to schedule these actions (Ramli

and Rawi, 2020).

2.6.1 Netlogo Simulation

Agent Based Modeling is a general framework to model the

dynamic systems. In which, many agents are interacting with

each other to analyze their behavior. As VANET are systems that

contain many vehicles (agents) that behave in self-organized

manner, Agent Based Modeling can model such these systems no

matter how difficult they are. (Hiroki Sayama, 2015) has defined

Agent Based Modeling as “computational simulation models that

involve many discrete agents.” In the context of vehicular

networks, Agent Based Modeling can be simply defined as a
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computational model that uses many discrete vehicles. According

to this definition, there are two keywords are needed to explain.

The first one is “computational.”  Indeed Agent Based Modeling

is not a mainly mathematical model but a computer model. It

means that Agent Based Modeling uses computer to model

agents’ behavior instead of mathematical ways. This is strongly

advised especially in social sciences as Hiroki claims.  Actually

agreement with this opinion is fair enough. The second keyword

is “discrete” which means that each vehicle has clear parameters

that specify the relationship between itself and its environment.

Not this only, each vehicle will take an appropriate action basing

on its status and the status of surrounding environment. It has

been argued that there are certain features should be taken in

account when Agent Based Modeling is designed (Ramli and Rawi,

2020).



CHAPTER THREE

THE PROPOSED SYSTEM
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3.1  Introduction

VANET is one of the important solutions to Improve the ITS. There

are two main challenges in VANET, firstly, the topology of VANET is

rapidly changing, secondly, the frequent communication disconnected. To

control these challenges, the clustering approach is an appropriate solution.

On the other hand, using a data dissemination approach to disseminate

timely warning messages in different methods can help in avoiding many

accidents and save human lives.

In this dissertation experiments, data dissemination models are applied

in VANET based on an improved stable clustering approach. Simulation is

a very important tool due to the cost and difficulties of real application in

highway scenarios, therefore Netlogo 6.1.1 (as an agent based modeling

approach) has been used in implementing the simulation scenarios.

3.2  The Proposed System

The main stages of the proposed system are represented by: designing

and building Highway scenarios with different parameters (number of

nodes, transmission range, data dissemination type, and acceleration /

deceleration of vehicles) using a networks simulator (Netlogo).
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Figure 3.1 The  Proposed system

Figure 3.1 refers to the dissertation proposed system. This dissertation

applies a developed center-based clustering approach in its main proposed

approach depending on a developed center-based clustering approach. The
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evaluation process of the CH selection method is attempted by comparing

it with another known clustering algorithm (CBSC) as a benchmark. The

stability prediction of the created clusters.

is analytically proposed based on the Continuous Markov Model (CMM)

as a developed model by utilizing the Birth Death Process. Finally, the

process of Modeling the data dissemination in VANET is also

implemented and evaluated based on the proposed clustering approach in

different scenarios.

Figure 3.2 Vehicle communication components

3.3 Network Assumptions

As a network model, the following assumptions represent the most

significant issues followed in simulation environment. The clustering

approach is proposed and applied in different number of vehicles. Figure

3.2 assume the main communication’s components in each vehicle.

1. The proposed model is a center-based clustering approach with the

assistance of the distributed Road Side Units along the road.
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2. Each vehicle contains On-Board Unit (OBU) to be used it in V2V

communication. This becomes essential for most Intelligent

Transportation System application to offer low cost and availability. The

vehicles can also communicate with the RSUs using V2I

communication, in addition to the additional facility of I2I when needed.

3. The developed clustering approach is to create non overlapping clusters.

4. Each vehicle, in simulation environment, has an internal parameters such

as a unique identifier called (ID), (speed) which refers to the current

speed, (xcor and ycor)  which refer to the current x coordinate and y

coordinate respectively.

3.4  Methodology

The following sections represent the main steps of the proposed

system in more details followed in these experiments.  Figure 3.3 clarifies:
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Figure 3.3 The Proposed system  steps

Preparing the Environment
• Create Road with 3-lanes
• Setup Roadside Units
• Setup vehicles using 4- cases of number of vehicles
• Generate an acceptable random approach to move the vehicles in

one directions

Proposed Models
• Suggest and set the developed center-based clustering approach.
• Impliment the CBSC approach.
• Impliment the proposed clustering approach.
• Perform the CH selection and the cluster formation.
• propose the cluster stability predication model using Cotinious

Markov model and birth-death process.
• Model the message exchange depending on V2V, V2I and I2I in

the suggested clustering approach environment.
• Model the data dissemination as one to one (unicast), one to group

(multicast) and one to all (broadcast).

Results Discussions
• Estimate the clustering performance metrics for the CBSC.
• Estimate the significant performance metrics to evaluate the

suggested center-based clustering approach.
• Present the comparative results graphically to observe their

behaviors.
• Compare and discuss the approach results with CBSC results.
• Estimate the results of the stability prediction Model.
• Calculate the performance metrics of the Data dissemination

models
• Results evaluation,  discussion and Conclusion.
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3.4.1  Setup Stage

In this stage, many steps are performed to prepare and set the

requirements for the VANET simulation environment.

a. Lanes creation

The environment setup starts with creating a suggested road segment

with 10 km length . The road segment is designed and divided into 3-lanes

using Netlogo 6.1.1 as an agent based modeling approach. The RSUs are

also created and located along the road segment (1 km distance is

suggested among them). Therefore, the Equation of RSU’s number

calculation is suggested according to equation (3.1):

Number of RSU  = (L / RSU Coverage Distance)+1………..(3.1)

Where L represents the length of road segment, The RSUs are

constructed along the road segment to control the clustering and the data

dissemination processes in the suggested environment.

b. Create and Move the Vehicles

In the simulated environment, the vehicles are represented and

generated on the road. The entrance of the vehicles to the road segment is

also created based on poison random probability distribution with three

different mean arrival rate. The suggest three arrival rates are 10

vehicles/hour (for sparse traffic case), 50 vehicles/hour (for medium traffic

case), and 100 vehicles/hour (for dense traffic case). The Arrival rate is

representing the number of vehicles passing through certain point on the

road per unit time. The inter arrival time can be created as the average
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periods among the arriving vehicles. This inter arrival time is estimated in

minutes or second as in Equation 3.2:

Inter arrival time = (1 / Arrival rate) * 60 ……………..(3.2)

Vehicles speed is generated randomly based on Uniform probability

distribution between ((min and max speed (10- 200 km/hr. in this

dissertation) for the vehicles. Vehicles acceleration and deceleration

(based on general specifications,  are also created based on the uniform

distribution (acceleration (0- Max acceleration, and deceleration (0- max

deceleration)). Algorithm  3.1 shows these stage main steps.

Algorithm 3. 1 Moving-vehicles
Input: speed, max-speed, min-speed, acceleration, deceleration
Output: Moving vehicles in a road segment
1: Vehicles generation on road
2: For each vehicle in road segment
3: Indicate and save its vehicle ID
4: For vehiclei ∈ set of vehicles
5: If there is other vehicle in front of vehiclei then
6:                Indicate and save the ID of this front vehicle
7:                speed ← speed of front vehicle – ( deceleration * time)
8: else
9:                  speed← speed +  (acceleration * time)
10: end if
11: end for
12:end for
13: End
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3.4.2 Proposed Clustering Approach

In this dissertation, a Highway scenario is assumed in experiments. In

a proposed clustering approach, the moving vehicles are organized in non-

overlapped clusters. The specific criteria are suggested to select the cluster

head. Each vehicle (CM) is sent to (or receive from) its CH only. The

message is transferred through the cluster heads to the close RSU that

covers this area according to Long Term Evolution (LTE). The

communication inside a cluster and between cluster heads are based on

DSRC. Each vehicle is equipped with IEEE 802.11 to communicate via

LTE and DSRC. Vehicles are also provided with Global Position System

(GPS) to provide their locations. The range of LTE is 1.0 Km, and DSRC

is 300 M. Broadcast, multicast and unicast are utilized in this dissertation

scenarios as three approaches for vehicles data dissemination.

In the broadcast, the source vehicle floods all the vehicles in the

network with packets. In the multicast, the source vehicle sends the packets

to the specific cluster heads. In unicast, the source vehicle sends the packet

to a specific vehicle.

In all the previous traffic types, the source vehicle sends its packet to

the adjacent cluster head, then the last one takes the role of sending the

packet to the adjacent RSU which is forwarded it to the suitable destination

according to the dissemination type.

A random selection of the source and the destination(s) is setting  in

this dissertation scenarios. The proposed  clustering approach assumes that

all vehicles driving in one direction (side) on the highway. Each vehicle

has the same transmitting capability since they have an equal chance to be
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Figure 3.4 Cooperation between RSUs and Vehicles

elected as CHs. The cooperation among the clustered vehicles and the

RSUs are shown in Figure 3.4.

Algorithm 3.2 Cluster Formation
Input: All Vehicles in road segment V //   all vehicles are founded in V
Output: sets of clusters C1, C2…
1: P ← V; where P set of all vehicles
2: While P ≠ ϕ
3: p← one vehicle from P // where p ∈ P
4:              Cp← ϕ // Initialize node set Cp = ߶;
5:              Ve←V
6: For each vehicle e ∈ Ve do;    // where e ∈ Ve
7: if Distance (e,p)<= DSRC then
8: Add e to Cp // Save e to set of cluster
9:                            Remove e  from Ve   // To avoid reprocess it
10: else
11: Continue
12: end if
13: end for
14: Remove p from P // To avoid reprocess it
15: end while
16:    Remove duplicated vehicles from all clusters
17: end
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3.4.2.1   Cluster Formation

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 selected to manage and control the clustering process

with the assistance of the RSUs. RSU’s can conducts the cluster formation

step. Firstly, each node will send the Beacon message to its adjacent RSU,

this message contains the position of this vehicle and its ID. 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

dissertation simulation experiments. The relative position is utilized to

perform the cluster formation process according to Euclidian distance

equation.

When the relative position among the vehicles is less or equal to DSRC

value, these vehicles are collected in one cluster.  Algorithm 3.2 presents

the cluster formation process.

3.4.2.2 Cluster Head Selection

The stability of each cluster cannot be approved unless there is an

admin to these nodes in each cluster called CH, the others called CM. The

CH is elected by the RSU based on specific parameters. Collecting the

vehicles in clusters and selecting a CH will result in reducing the

communication network overhead. The ideal method to select CHs will

guarantee the increase in clusters lifetime, network reliability and

availability.
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To select an appropriate CH that can reduce the CH reselection frequently,

the focus on vehicles speed as an essential parameters  in a highway

environment.  Usually, the speed is very high in highway environments,

therefore this dissertation focused on the relative speed in selecting the

cluster heads. Equations 3.3 and 3.4 show the average speed calculation

and the CH selection:

Ave_speed w =
∑ ௦௣௘௘ௗೡ೔
ಿೢ
೔సభ

ேʷ
…………………(3.3)

௔ܸ
௪ ,ଵ݀݁݁݌ݏ) = ,.……ଶ݀݁݁݌ݏ ேೢ) ………..(3.4)݀݁݁݌ݏ

௔ܸ_௦௢௥௧௜௡௚
w= Ascending sort  of ( Va)……….…(3.5)

ID (CHw) = ቊ ݊ܽ݅݀݁ܯ ݂݋ ൫ ௔ܸ_௦௢௥௧௜௡௚ݓ൯ ݂݅ ݎܾ݁݉ݑ݊ ݂݋ ݏℎ݈݅ܿ݁݁ݒ ݏ݅ ݀݀݋
݁݃ܽݎ݁ݒܣ ݊ܽ݅݀݁ܯ) (ݏ݁ݑ݈ܽݒ ݁ݏ݅ݓݎℎ݁ݐ݋

……..(3.6)

Where : Ave_speed w represents the average speed of cluster w, ௔ܸ
௪ is

an array of the vehicles speed in cluster w, ௔ܸ_௦௢௥௧௜௡௚ represents an

ascending sorted array of the vehicles speed in cluster w, Nʷ is the number

of CMs in a cluster w, w represents the cluster number, and CHw is the CH

of a cluster w.

The proposed CH selection is based on the Median fundamental. The

Median value can be indicated directly if the number of vehicles in a

cluster is odd.

The vehicle that has an equal or nearest speed to the average speed

from all vehicles is the suitable to be assigned as a CH. Sorting the

vehicles speeds according to equations (3.4) and (3.5) respectively, and
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Algorithm 3.3 CH selection
Input: NUM_OF_CLU, clusters

Output: CHs
1: set w←1
2: Repeat
3: For each (cluster w)
4 :          countw← number of vehicles in (cluster w)
5:           Valw← ݊ܽ݅݀݁ܯ (speed) w

6: If countw mod 2 = 0 then
7:                   CHw← ID (Valw)
8: Else
9:                   CHw← ID of the vehicle which has nearest speed to Valw

10:           Return CHw

11: end if
12: end for each
13:  set w← w+1
14: Until (w> NUM_OF_CLU)
15: end

takes the median one which is the nearest one to the average speed value

according to Equation (3.6). After applying the cluster formation stage

according to the Algorithm 3.2, we have the number of clusters called

NUM_OF_CLU . Algorithm 3.3 shows the main steps of CH selection.

3.4.2.3 Cluster Maintenance

The maintenance phase in each clustering process represents the

important indication about the cluster stability. Cluster stability is

important to improve the cluster efficiency and reliability. The cluster

lifetime in VANET is temporary due to the frequent changeable in traffic
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and mobility. It is important to suggest an acceptable maintaining phase.

There are many cases that must be considered such as : the connection loss

between CMs and the adjacent cluster head, the connection loss between

the RSU and cluster heads, the too-close clusters can be merged or split,

etc. This phase has got less attention in VANET’s related works. The

clustering process steps are indicated in Figure 3.4.

Figure 3.4  Vehicle properties in Net logo

3.5 Environment Setup

In order to evaluate the clustering approach, as it has previously

explained, it is important to use the significant clustering parameters such:

the average number of created clusters, the average CHs duration, the

average CMs duration. To find these metrics, many computations are
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required. Each vehicle can be suggested as an agent that has many local

parameters such as timers, counters, list of neighbor vehicles, list of CMs.

Each vehicle has many variable: (who) refers to the vehicle unique

identifier which represent the programming name of a given vehicle.

(Color) refers to the vehicle color. (Heading) represents the current

direction's angle. (xcor and ycor) represent the coordinate of given vehicle,

(Shape) represents the shape of current node, (Label) refers to the visible

name, (label color) refers to the color of the visible name. (Breed) refers to

the name of breed. (Hidden) is a Boolean value refers to the visible or

hidden vehicle. All the previous properties built in the system for each

agent. The variable (Cori-bri) refers to the corresponding RSU's In this

dissertation, there are four metrics are suggested to insure the clustering

stability.

(Cmlist) represents the list of all (CMs) if the given vehicle was a (CH).

(Chlist) represents the list of (CHs) if the given node was a RSU. (Life)

refers to the number of ticks when the current node is CH or CM.

(Warmsg) refers to the received warning message text which received from

the source according one type of traffic. (Sur) refers to the number of

neighbors in n radius from the current node. (Ch) refers to the statues of

the vehicle if it is CH or CM which takes 1 or 0 . The properties avvm,

stbm, storem, tim, cmdur and memlifetime associates with CM stability

and duration  calculation as shown with details in Figure 3.4 .The

properties avv, stb, store, ti, chdur and chlifetime associates with CH

stability and duration.
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Figure 3.5 Leaving and Joining in road segment

3.6   Cluster Stability Predication

In these scenarios, after the clustering approach has been applied in

VANET, each cluster will have composed of many vehicles. For each

cluster after a short time interval called ∆tm, there are only three possible

expected states: no changes, cluster increasing by one, or cluster

decreasing by one only. The cluster increases by one vehicle (called

Joining) in two cases, either join from forward or from backward as shown

in Figure 3.5.

The forward increment comes from joining a lagged slowly vehicle to the

current cluster. The backward increment comes from joining a new hurried

vehicle. The cluster decreases one vehicle (Leaving) in two cases, either
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from forward or from backward. The forward decrement comes from a

very fast vehicle in a current cluster which leaving it forward. The

backward decrement comes from a slowly vehicle which lagged back from

the current cluster. When the consecutive times intervals passed and the

number of vehicles remains the same in their clusters, it reflects a good

indication of the good stability.

Figure 3.6  Vehicles State diagram in a cluster

The previous three cases are modeled and studied based on Markov

fundamentals in all details. Figure 3.6 represents the markov chain

approach to vehicle’s clustering.

The hall state space for such process shows the possible states. These

states probabilities are: no changing (represents that it is in state n and after

short time will satay in state n), if a new vehicle joins to the cluster (the

state is changed from n to  n+1), finally, if the cluster loses one vehicle

only (the state is changed from n to state n-1). Each case has a certain

probability. The transition case indicated by (A) means either joining from
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forward or backward, the transition indicated by (D) means leaving either

forward or backward.

Table (3.1)  List of variables assamptions

Notation Description

∆tm Time interval

Lforward Losing vehicle due to its high speed

Lbackward Losing vehicle due to its low speed

Jforward Winning vehicle due to its low speed

Jbackward Winning vehicle due to its high speed

tm Current time

N Number of vehicles  at time tm

S No change

En System state (the event at certain time)

tm+∆tm The next time

.

Pn (tm)

The probability of the cluster contains n vehicles at

time  tm

O(∆tm) Zero

Pn (tm,

tm+∆tm)

A

The probability of the cluster contains n vehicles at

time tm +∆tm

Arrival

O(∆tm) The error

The modeling assumptions:
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1: The joining probability at the interval time (tm + ∆tm) in all two cases

from forward or backward can be modeled in equations (3.7) (3.8)

respectively  as:

Pn (tm + ∆tm )= Jforward ∆tm + O(∆tm)……………..(3.7)

Pn (tm + ∆tm )= Jbackward ∆tm + O(∆tm)………………(3.8)

2:  The leaving  probability at  the interval time (tm + ∆ tm) in all two cases

forward and backward  can be modeled in equations (3.9)(3.10)

respectively as:

Pn (tm + ∆tm )= Lforward ∆tm + O(∆tm)…………………..(3.9)

Pn (tm + ∆tm )= Lbackward ∆tm + O(∆tm)…………………..(3.10)

3: The probability of more than one event occurrence in the same time is

zero as shown in (3.11).

Pn+z , z >1 (tm + ∆tm ) = 0 + O(∆tm)………….(3.11)

Initially, the Pn(tm)  is the probability of the event En at time tm, after

passed a short period of time (tm + ∆tm) the probability becomes Pn (tm +

∆tm)  with new event En, En+1 or  En-1. to model all the cases , table 2 shows

all cases with details:

According to table (3.1) , we can derive  the final equation as shown in

(3.12), to find the stability of cluster by expected the number of vehicles in

any time as below:
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3.7  Data Dissemination Approach

Data Dissemination is implemented (based on the clustering approach)

by transmitting a warning message (safety message) according to a specific

event from the source vehicle to the recipient(s) in the Region Of Interest

(ROI). For example a specific warning message for all police vehicles or

ambulance vehicles. In the proposed system, The data transmission is

applied with suppose the event in a random place, and the sender is

randomly selected. The warning message is transferred in three styles:

Broadcast, Multicast, and Unicast regardless of the type of emergent event.

The data dissemination in VANET starts from the vehicle itself or from

infrastructure. The safety applications suppose that the data exchange

depends on this principle. Data dissemination always refers to the

data/information spreading in wireless networks.  From the view of

networking, the broadcast of the data requires capabilities at the link layer,

to allow message spread to all the vehicles in the radio scope.

3.7.1    Select a Random Sender

The message transmits from the source to the destination(s) depending

on the type of traffic. If it is broadcast, the message will be transferred



CHAPTER THREE THE PROPOSED SYSTEM

64

.

Figure 3.7 The block diagram of Data dissemination
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from the source to the corresponding cluster head, then forward to the

corresponding bridge (RSU) which spreads it to all the vehicles behind the

source to inform and warn them of the event. If it is multicast the same

steps except, the corresponding RSU spreads it to the destination cluster. If

it is unicast, the RSU gives it to the goal node through the goal node's

RSU. Figure 3.7 represents the flow chart of the data dissemination in all

cases.

To model the message, this dissertation selects a breed named message

(in a simulation tool), then a declaration is made about its variables as local

parameters

Figure 3.8 Message Properties in Netlogo
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3.7.2    Data Dissemination Metrics

To evaluate the data dissemination process in all traffic types, the

packet loss, delay, packet delivery ratio and throughput are representing

the important metrics. These metrics requires calculations. As in the

previous sections, the local parameters can be used to calculate these four

metrics. Figure 3.8 shows the message properties in Netlogo.

The received and the total created messages were calculated throw the

(broadcast, multicast and unicast) procedures. The throughput is calculated

according to Equation (2.10). The packet loss can be calculated according

to Equation (2.12) by subtracting the receives messages from the all

created messages. The end to end delay is calculated according to Equation

(2.11) by divided the summation of times consuming in messages

transmission by the received messages. The packet delivery ratio is

calculated according to Equation (2.13) by divided received messages by

the total messages.



CHAPTER FOUR

RESULTS AND DISCUSSIONS
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4.1  Introduction

This chapter is to investigate how the results of the proposed system

achieve a good performance in terms of many performance metrics. As

testing any computational model is required to run either by the real-world

environment, simulations. The clustering approach and data dissemination

have been designed and implemented using Netlogo 6.1.1 simulation. The

obtained results are discussed to show which parameters have an impact on

the results of the clustering model and data dissemination. In the context of

data dissemination models, the analysis is done to highlight whether the data

dissemination model is suitable for real-time applications or for other

applications. On the other hand, a 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 into

six sections including the introduction. The second section contains

simulation environment. The third section is dedicated to discussing the

results of the clustering approach. The forth section explains the predicated

stability using the Markov model results. The fifth section is to show Data

dissemination models results. Finally section sixth contains chapter

summery.
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Figure (4.1) a Simulation snapshot

4.2 Simulation Environment

After designing and running the proposed clustering approach

according to the simulation environment, the results were collected and

presented using Netlogo results viewer. The suggested simulation

environment is presented in Table (4.1). Figure (4.1) prsents a simulation

snapshot as an impleminatation sample.  The orange circuls represent

clusters, the white vehicle represents the CH while the blue one represent the

CMs. The vehicles are connected to the close RSU according to the

transmission radius. If the vehicle is covered by two RSUs, it will be

connected to the one with the strongest signal.
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TABLE (4.1) Simulation Environment

Netlogo 6.1.1Simulator

10Number of Simulation Run

300 mCluster radius

1 kRSU coverage area

10, 50, 80, 100 VehiclesArrival rate

ExponentialSpeed distribution

0.004 m/sAcceleration

0.086 m/sDeceleration

5 sPeriod of Beacon message

100 sSimulation Time

HighwayScenario

10 kmStreet length

3 per sideNumber of lanes

4.3 Clustering Stage Results

In this stage, the clustering algorithm has been applied on the road

segment. The evaluation process to the clustering proposed algorithm

depends on the performance metrics which are related to the clusters

stability. Therefore,  the CH duration or lifetime, CM duration or lifetime,

CH stability, and CM stability have indicate the clustering algorithm

efficiency.  Different number of vehicles have been selected  as indicated

in Table (4.1). The results are presented depending on the average of 10

times simulation runs.
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4.3.1 Vehicles Intensity

Four cases are tested to simulate the traffic intensity. These cases are

sparse, medium, and dense as follows:

i. Scenario 1:

In this case, the number of vehicles was setting to be 10 with very

sparse highway scenario. Figure (4.2) refers to the simulation results of the

stability metrics in this case.

In (4.2(a)) the relation between the run time and the cluster member duration

is expected and printed, in (4.2(b)) the relation between the simulation run

time and the cluster head duration is expected and printed, In (4.2(c)) the

average cluster member stability is presented based on changing its state

with the simulation run time, and in (4.2(d)) the average cluster head

stability is presented based on the CH changing state during the run time.

From Figure (4.2(a)), when the vehicles were convergence, the CM

duration was gradually increasing with small fluctuation during simulation

time increase , then when the vehicles became sparse, CM duration was very

fluctuated. In general, the CM duration is over the average value which was

rather good. From the Figure (4.2(b)), the CH duration also incrasing

gradually with time increasing, but it was fluctuated.

From Figure (4.2(c)), when the number of vehehicles was 10, the CM

stability was suddenly increasing at the beginning then stable for a certain

period with small fluctuation then decreased to near zero after that keep

stable, in general, the CM stability is a rather good indicator. From Figure

(4.2(d)), The CH stability was suddenly increasing at the beginning then
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stable along time, in general, the CH stability is a very good indicator.

From these results, the clustering proposed approach in sparce density is

not stable due to the large distance among vehicles and high speed.

(a) Cluster Member Duration                             (b) Cluster Head Duration

(c) Cluster Member Stability                              (d) Cluster Head Stability
Figure 4.2 Case 10 vehicles

ii. Scenario 2:

In this case the number of vehicles was 50 with very medium density

highway scenario. Figure (4.3) refers to the results of simulation of the

stability metrics in this case. The results are indicated in the same way that

was followed in scenario1.
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From Figure (4.3(a)) when the number of vehehicles was 50, the CM

duration decreased and increased then it started fluctuating with the

increased vehicles on road. From Figure (4.3(b)), the CH duration also

increased gradually with vehicles number and time increasing, also the

fluctuation was increased in the same manner.

From Figure (4.3(c)), The CM stability fluctuated increasing at the

beginning then stable for a certain period with small fluctuation then

decreasing to near zero after that keep stable, in general, the CM stability is

a rather good indicator. From Figure (4.3(d)), The CH stability was

suddenly increasing at the beginning then changing. From these results, the

clustering proposed approach in medium density is stable due to the not

large distance among.

(a)Cluster Member Duration                                (b)Cluster Head Duration
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(c) Cluster Member Stability                               (d) Cluster Head Stability
Figure 4.3 Case 50 vehicles

iii. Scenario 3:

In this case the number of vehicles was 80 with very sparse highway

scenario. The Figure (4.4) refers to the results of simulation of the stability

metrics in this case The results are indicated as in scenario1and scenario2.

From Figure (4.4(a)) when the number of vehicles was 80, the CM

duration saved stable through the first quarter of simulation time, then

started to increase. In the second half of simulation time, the fluctuation

increased. From Figure (4.4(b)), the CH duration increased gradually with

entered vehicles number and time increasing, also the fluctuation was

almost a little

From Figure (4.4(c)), The CM stability increased gradually with time,

and the number of entering vehicles increased. It was larger than the

average value, therefore, it was a good indicator. From Figure (4.4(d)), The

CH stability was improved with the increased time and number of entered

vehicles. This was a good indicator of stability.
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(a)Cluster Member Duration                                (b)Cluster Head Duration

(c) Cluster Member Stability                               (d) Cluster Head Stability
Figure 4.4 Case 80 vehicles

iv. Scenario 4:

In this case the number of vehicles was 100 with very denese highway

scenario. Figure (4.5) refers to the results of simulation of the stability

metrics in this case.

From Figure (4.5(a)) when the number of vehicles was 100, the CM duration

increased with the time and entered vehicles increased. It was a good

indicator about stability. From Figure (4.5(b)), the CH duration increased
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gradually with entered vehicles number and time increasing, also the

fluctuation was almost a little. This was a good indicator about stability.

From Figure (4.5(c)), The CM stability increased gradually with time,

and the number of entering vehicles increased. It was larger than the average

value, therefore, it was a good indicator. From Figure (4.5(d)), The CH

stability was stable with the increased time and number of entered vehicles.

This was a rather good indicator of stability.

(a)Cluster Member Duration                                (b)Cluster Head Duration

(c) Cluster Member Stability                               (d) Cluster Head Stability
Figure 4.5 Case 100 vehicles
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(a)Cluster Head Stability                               (b)Cluster Member Stability

(c)Cluster Head Duration                                 (d)Cluster Member Duration

(e) Average number of clusters

Figure 4.6 comparison between the proposed system and CBSC
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4.3.2  Evaluation the Proposed Clustering Approach

In order to prove the goodness and efficiency of a proposed clustering

approach in this dissertation, it is important to compare it with another

system which is dependent as a baseline to the proposed clustering

algorithm. The performance metrics for CBSC (Cheng and Huang, 2019)

which represents the other system  are implemented and calculated for the

suggested environments in this dissertation environment. These results are

compared with this dissertation proposed clustering approach metrics. The

used CBSC algorithm was already compared with other related works such

as K-means algorithm and Stable Clustering Algorithm for vehicular ad hoc

networks (SCalE). Their previous comparison showed that CBSC is more

stable than those others.  Figure (4.6) shows the comparision between each

two similar performance metrics for the proposed approach in this

dissertation and the CBSC algorithm metrics.

From Figure (4.6), all the results indicate that the proposed clustering

approach are superior all the performance metrics measured for CBSC.

These proposed approach results are more stable than the CBSC results

because the proposed system focuses on the speed parameter in CH selection

which causes a notices improve in results also in CBSC, the security

computation effects in the cluster stability in CBSC. The proposed approach

indicate the utilization of the optimization fundamentals in creating the

clustering approach.
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4.4    Cluster Stability Predicting Results

There are three network sizes selected, namely 50, 80, and 100. Also,

the range of clusters was set as a variable. The efficiency of the clustering

algorithm depends on the mathematical approach called the stochastic

process. The joining and leaving of vehicles to the clusters can be predicted

mathematically using a Markov model based on the birth-death process as

discussed in chapter three. But in this study, practical implementation is

applied to practically fit the mathematical approach of the Markov concept.

The number of vehicles in each cluster was observed in different sequential

times (i.e. at  tm, tm +∆ tm, tm +4∆ tm, tm +8∆ tm, tm +12∆ tm,  tm +16∆ tm,  tm

+20∆ tm), to observe the leaving and joining vehicles. Also, the average and

standard deviation (STD) are calculated to indicate central tendency and the

data spread. The stable cluster is the cluster that has the number of vehicles

equal to or close to the average number of vehicles in each unit of time.

4.4.1 Case 1:

Many different experiments were implemented and analyzed to

observe the number of created clusters in different simulation runs for

different highway VANET environments. The number of vehicles in each

cluster at different successive times was also observed and indicated. The

variation in cluster vehicles number at successive times is used as an

indication about the behavior of the clustering process, whether or not it

can be modeled as the birth-death Markov process.
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Table 4.2  Number of vehicles in 12 cluster when ∆tm=4 and network

size=50

Random clusters

N
um

ber of nodes at
tm

N
um

ber of nodes at
tm +

∆tm

N
um

ber of nodes at
tm +

4∆tm

N
um

ber of nodes at
tm +

8∆tm

N
um

ber of nodes at
tm +

12∆tm

N
um

ber of nodes at
tm +

16∆tm

N
um

ber of nodes at
tm +

20∆tm

Average
STD

cluster 1 4 4 4 4 4 4 4 4 0
cluster 2 1 1 1 1 1 1 1 1 0
cluster 3 3 3 3 3 3 3 2 2.857142 0.377964473
cluster 4 3 3 3 3 3 2 2 2.714285 0.487950036
cluster 5 5 6 6 7 7 7 8 6.571428 0.975900073
cluster 6 4 4 4 4 4 4 4 4 0
cluster 7 2 2 2 2 2 2 2 2 0
cluster 8 2 2 2 2 2 2 2 2 0
cluster 9 4 4 4 4 3 3 3 3.571428 0.534522484

cluster 10 3 3 3 3 3 3 2 2.857142 0.377964473
cluster 11 2 2 2 2 2 2 1 1.857142 0.377964473
cluster 12 2 2 2 1 1 1 2 1.571428 0.534522484

Table 4.2  represents the collected data about the 12 created clusters for

the case of a highway low traffic (50 vehicles) at different successive times

(tm, tm+∆tm, tm+4∆tm, tm+8∆tm, tm+12∆tm, tm+16∆tm, tm+20∆tm). It is taken

into consideration that ∆tm is used as very small time periods equal to  (4

millisecond)  in this study. The observed change in the vehicle’s number is

either ±1  or  0. This concept is identical to the Markov process. The

expected and standard deviation values for each cluster data indicate high

stability with respect to the numbers in each cluster.
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Figure 4.7 Number of vehicles in 12 cluster when ∆tm=4
and network size=50

Figure 4.7 represents the graphical representation of the created data

from the case in Table 4.2. A clear indication is observed in cluster 5, as the

increment in cluster members is due to the joining process. On the other

hand, in clusters 3, 9, and 10, the decrement in cluster members happened

due to leaving process. The others either remained stable (S) without change

or contained consecutive leaving and joining with sequential times.

4.4.2 Case 2:

In this case, the number of vehicles was  80 vehicles . As shown in table

4.3, the results represents a values of s 12 random samples of these clusters

to evaluate the stability when the traffic is medium (80 nodes) with different
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consecutive times. A clear indication can be observed for clusters 3, 4, 6,

and 8,  the increment in cluster members is due to the joining process.

Table 4.3 Number of vehicles in 12 cluster when ∆tm=4 and network
size=80

Random clusters

N
um

ber of nodes at tm

N
um

ber of nodes at
tm +

∆tm

N
um

ber of nodes at
tm +

4∆tm

N
um

ber ofnodes at
tm +

8∆tm

N
um

ber of nodes at
tm +

12∆tm

N
um

ber of nodes at
tm +

16∆tm

N
um

ber of nodes at
tm +

20∆tm

Average

STD

cluster 1 3 3 3 3 3 3 3 3 0
cluster 2 4 4 4 4 4 4 4 4 0
cluster 3 2 2 2 3 3 3 3 2.571428 0.534522484
cluster 4 2 2 2 3 4 4 4 3 1
cluster 5 5 5 5 4 4 4 4 4.428571 0.534522484
cluster 6 1 2 2 2 2 2 2 1.857142 0.377964473
cluster 7 2 1 1 1 1 1 1 1.142857 0.377964473
cluster 8 2 3 4 4 4 4 4 3.571428 0.786795792
cluster 9 3 3 3 5 5 5 4 4 1
cluster 10 3 3 4 3 3 3 2 3 0.577350269
cluster 11 2 3 2 2 2 2 1 2 0.577350269
cluster 12 3 2 2 1 1 1 1 1.571428 0.786795792

On the other hand, in clusters 5, 7, and 12, the decrement in cluster

members happened due to the leaving process. The others either remained

stable (S) without change or contained consecutive leaving and joining with

sequential times.
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Figure 4.8  Number of vehicles in 12 cluster when ∆tm=4 and
network size=80

Figure (4.8) represents the graph of Table (4.3)

Table 4.4 Number of vehicles in 12 cluster when ∆tm=4 and network

size=100

Random
clusters

N
um

ber of nodes
at tm

N
um

ber of nodes
at tm +

∆tm

N
um

ber ofnodes
at tm +

4∆tm

N
um

ber of nodes
at tm +

8∆tm

N
um

ber of nodes
at tm +

12∆tm

Average STD

cluster 1 6 6 6 6 6 6 0
cluster 2 5 5 4 4 4 4.4 0.547722
cluster 3 2 2 3 3 3 2.6 0.547722
cluster 4 4 4 4 4 4 4 0
cluster 5 5 4 5 5 5 4.8 0.447213
cluster 6 3 3 3 2 2 2.6 0.5477225
cluster 7 1 2 1 1 2 1.4 0.5477225
cluster 8 2 2 2 3 2 2.2 0.4472135
cluster 9 2 2 2 2 3 2.2 0.4472135

cluster 10 2 2 1 2 3 2 0.7071067
cluster 11 2 2 2 2 1 1.8 0.4472135
cluster 12 1 1 2 3 1 1.6 0.8944271
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4.4.3  Case 3:

When the traffic is high, as shown in Table 4.4, a clear indication is

observed in cluster 5, as the increment in cluster members is due to the

joining process. On the other hand, in clusters 2, 3 and 6, the decrement in

cluster members happened due to the leaving process.

Figure 4.9  Number of vehicles in 12 cluster when ∆tm=4 and
network size=100

The others either remained stable (S) without change or contained

consecutive leaving and joining with sequential times. Figure (4.9)

represents the graph of table (4.4).

4.4.4  Stability Prediction Modeling

A mathematical model based propability theory, Markov and Birth

Death process is suggested  to predict the stability of the created clusters in

this dissertation proposed approach as indicated in 3.6.
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The developed eqation (3.12) which can be used to estimate the

stability of a cluster based on its average number of vehicles at any time.

The following example (4.1) presents a practical implementation to show

the propability of finding the designated number of vehicles at certain time

during the prediction process.

Example (4.1):

Suppose  Lforward = 0.3, Lbackward =0.7,  Jforward = 0.4, Jbackward = 0.6, n= 5

(the number of vehicles in the current cluster), ∆tm= 0.01 second and t = 1s .

Predicate the stability of the current cluster after ∆tm.

Solution:  According to equation (3.12) in chapter 3:

Pn(tm, tm + ∆tm) = [ 0.003 * (1 – 0.004) * (1 – 0.006) * (1 – 0.007) *
(0.007)  * (1 – 0.004)  * (1 – 0.006)  * (1 – 0.003)]

+ [(1- 0.004) * (1- 0.006) * (1 – 0.003) * (1 – 0.007) ]
+ [( 0.004 * (1- 0.003) * (1 – 0.007)  * (1 – 0.006) *

(0.006) * (1 - 0.003) * (1 – 0.007) * (1 – 0.004)]
+ 0

Pn(1 + 0.01 ) = 0.00002329 + 0.98014455 +  0.0000203 + 0

= 0.98018814

From the previous example, the value of the probability is very high

(0.98) which gives an indication about the stability of the created clusters in

this dissertation.

4.5  Data Dissemination Results

When the performance metrics are calculated with different parameters,

the average throughput, delay, packet loss, and packet delivery ratio
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a) Throughput (b) Delay

(c) Packet loss                            (d)Packet delivery ratio(PDR)

Figure (4.10) Data dissemination Performance metrics

(according to Equations (2.10), (2.11), (2.12), and (2.13) respectively ) are

obtained as part of the evaluation of the proposed system. When the number

of vehicles equals 10, 50, 80, and 100 the results are as shown in Figure

(4.10).
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The throughput as shown in Figure (4.10(a)), decrease with number of

vehicles increasing. The delay in broadcast and multi cast (as shown in

Figure(4.10(b)), seems to follow the Poisson distribution. Utilizing Poisson

distribution will help in predicting the expected values and their standard

deviation in a possible manner. These two values are usually equal. In

Unicast, the delay was the lowest value compared with Broadcast and

Multicast.

The packet loss in the three communication methods seem to follow the

Exponential distribution. Utilizing the Exponential distribution will help in

predicting the expected values and their standard deviation in a possible

manner. As shown in Figure(4.10(c)), the packet loss in Unicast and

Multicast increases along with the increase of vehicles. The packet loss in

a Broadcast is higher than the other two communication methods.

In Figure(4.10(d)), the Packet delivery ration in the 3 communication

methods seems to follow the Uniform distribution. Utilizing the Uniform

distribution will help in predicting and easing the process of estimating the

expected values in a possible manner. From Figure (4.10), the optimal size

of cluster from the view of data dissemination is 100 nodes in terms of

delay and packet loss.
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(a) Broadcast                                                                        (b) Multicast

(c) Unicast                       (d) cluster size changing effect

Figure (4.11) Data dissemination Performance metrics comparisons

From Figure (4.11(a)), in the Broadcast, the Packet loss was the largest

when the number of vehicles was 10 and increased gradually with the

number of vehicles increased. While the other two performance metrics were

opposite to packet loss. From Figure (4.11(b)), in the Multicast, the

performance metrics took the Poisson distribution. From Figure (4.11(c)), in
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the Unicast, the performance metrics was very good in all number of

vehicles. All the results are clarified in Appendix B. The increasing in

cluster radius causes reduction in number of clusters due to merging as

shown in Figure (4.11(d)).

Table (4.5) represent the numerical results, when the number of vehicles was

10 vehicles, of the data dissemination performance metrics. In addition  to

throughput, PDR, and delay, there are other metrics like average number of

clusters, received message, and packet loss. In the same arrangement,

Table (4.6), Table (4.7), and Table (4.8)  represent the numerical results

when the number of vehicles 50, 80 and 100 vehicles respectively.

Table 4.5 Data dissemination performance metrics in 10 vehicles

10 V
ehicles

C
reated

m
essages

R
eceived

m
essage

A
verage

num
ber of

clusters

Packet loss

End 2 end
delay

Throughput

Packet delivery
ratio

Broadcast 664 249 5 415 12.556 146 34%
Multicast 84 51 5 33 5.611 203 60%
Unicast 63 50 4 13 0.126 215 80%

Table 4.6 Data dissemination performance metrics in 50 vehicles

50 V
ehicles

C
reated

m
essages

R
eceived

m
essage

A
verage

num
ber of

clusters

Packet loss

End 2 end delay

Throughput

Packet delivery
ratio

Broadcast 1068 825 10 243 134.02 45 77%
Multicast 225 119 4.96 106 71.62 46 52%
Unicast 150 119 3.98 31 0.107 37 79%

\
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Table 4.7  Data dissemination performance metrics in 80 vehicles

80 V
ehicles

C
reated

m
essages

R
eceived

m
essage

A
verage

num
ber of

clusters

Packet loss

End 2 end delay

Throughput

Packetdelivery
ratio

Broadcast 945 747 9 198 175.1 36 79%
Multicast 109 65 9 44 241.0 39 59%
Unicast 49 40 10 9 0.094 30 81%

Table 4.8 Data dissemination performance metrics in 100 vehicles

100 V
ehicles

C
reated

m
essages

R
eceived

m
essage

A
verage

num
ber of

clusters

Packet loss

End 2 end delay

Throughput

Packet delivery
ratio

Broadcast 733 501 9 232 103.089 110.88 68%
Multicast 77 56 9 21 148.64 110.88 72%
Unicast 40 31 10 9 0.05 110.88 77%

4.5.1 Evaluation Data Dissemination Results

To prove the goodness of the data dissemination approach based on the

proposed clustering approach, it is important to compare our results with

(Liu et al., 2018). In (Liu et al., 2018), data are disseminated based on the

distributed clustering approach without RSUs. The Packet Delivery Ratio

(PDR) and Delay are compared with Clustering and Probabilistic

Broadcasting (CPB) algorithm.
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(a) Packet Delivery Ratio                                  (b) Delay

Figure (4.11) Data dissemination Performance metrics comparisons

From Figure (4.11(a)) the PDR in both CPB and the proposed system is

close in the case of the sparse network but it seems to be increased in the

proposed system with the number of vehicles increasing better than CPB.

In Figure (4.11(b)), the Delay in the proposed system decreased with the

number of vehicles increasing unlike to CPB. The justification of these

results is, in the proposed system,  RSUs reduce: congestion, network

overhead, and broadcast storm occurrence, due to their role in clusters

management and data disseminate from source to the CH then to the RSU

which take the role of sending data to the destination(s). While in CPB, the

distributed clusters without RSUs expose the network as an exhibition to

broadcast storms, congestion, increased overhead, etc.
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5.1  Introduction

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. The results have been designed and implemented using

Netlogo 6.1.1 simulation. Also, this chapter shows the hardware

requirements suitable to perform the experiments.

5.2   Clustering Stage Conclusions

The results of clustering algorithms performance metrics have been

collected and discussed clustering , the conclusion of each case  shown as

following:

1) When the number of compounds is small, the CM duration improved

as the number of vehicles  increased. Also, the fluctuation  begins to

decrease. Therefore, choosing Dense network guarantees the quality of

CM.

2) The CH duration in different number of vehicles is similar but the

fluctuation is decrease as the number of vehicles increased. Therefore

the large number of vehicles improver the CH duration.

3) The CM stability in 10, 50, and 80 vehicles were bad indicator, while

in 100 vehicle is better because when the number of vehicles in

scenario increased, the distance among vehicles becomes small which

helps in cluster stability.
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4) The CH stability was save it case with increasingly fluctuation as the

number of vehicles as increased. In sparse network, the CH stability is

a good indicator.

5) The comparison of the proposed clustering algorithm with CBSC

reflects a good indicator to the optimized results in stability. As it

refer previously, the reasons related to the focusing in effective

parameter in highway scenario like speed in CH selection.

5.3   Cluster Stability Prediction Conclusions

The numerical results, which related to data dissemination stability

prediction in the previous chapter, reflected the probability of joining,

leaving or there is no change in each cluster. The number of vehicles in

each of the created clusters in different environments are been either

unchanged or slightly changed by one only. This indication can be used to

represent the mathematical concept of Markov. The average number of

vehicles and their standard deviation in each cluster at different successive

times are also utilized as a statistical test with central tendency and

dispersion for the stability of each cluster. Also these results can be deduce

from the Equation (3.12) by apply the probability of leaving and joining.

5.4   Data Dissemination Stage Conclusions

The results showed that the sparse scenario with unicast data

dissemination achieves a good performance metrics. In addition, the delay

and packet loss were found to be reduced as compared to the other
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methods. The comparison between the proposed data dissemination

approach and CPB algorithm reflects the difference between centralized

and distributed cluster formation. In centralized when the number of

vehicles increased , the chance of broadcast storm occurrence is little as it

happens in the proposed data dissemination approach. In distributed the

increasing in number of vehicles  threats the scalability and causes

broadcast storms.

5.5   Future Works

· The stability can be predicted in two sides of a road segment. In addition,

the method of center-based cluster formation can be replaced by the

distributed method to reduce the cost of build and setup of the RSUs. As

well, the system can be developed by using overlapped clustering

method.

· The proposed model can be improving depending on the k-hop clustering

approach and selecting two CHs instead of one CH.

· Using probability in data dissemination approach as an effective

parameter in sending warning message.
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يف تانایبلا رشن نیسحتل ةدیدج ةدقنع ھقیرط

فوكرام ةلداعم ىلع دامتعلااب

ةحورطأ
لوصحلا تابلطتم نم ءزجكلباب ةعماج يف تامولعملا ایجولونكت ةیلك سلجم ىلإ ةمدقم

تایجمربلا–تامولعملا ایجولونكت يفةفسلفهاروتكدلا ةجرد ىلع

قارعلا ةیروھمج

يملعلا ثحبلاو يلاعلا میلعتلا ةرازو

لباب ةعماج

تامولعملا ایجولنكت ةیلك

لبق نم ةمدقم
ریملاا دبع دمحم مساج ىرس

فارشاب
يروبجلانوسح بلاط دعس.د.أ

٢٠٢٢م١٤٤٣ـھ

VANET



٢

ةصلاخلا

تاھاجتا(VANET)تارایسلل ةصصخملا ةكبشلا حتفت ، ةیضاملا ةلیلقلا تاونسلا يف

نیمدختسملا دیوزت يفVANETدعاست(ITS).يكذلا لقنلا ماظن رھوج لثمی .ةعساوةدیدجةیثحب

رشنلا لثم ،VANETيف تلاكشملا نمدیدعلا كانھ ، كلذ عمو .ةیھیفرتلا تامولعملاو ةملاسلاب

كولس ةساردل ، لاًوأ كلذل .ةرقتسملا ةكبشلا ایجولوبوطو ، ةكبشلا عیسوت ةیلباقو ، تانایبلل لاعفلا

VANETلباقلا اھلكیھ يف مكحتلل ىلولأا ةوطخلا يھ عیمجتلا ةینقت نوكت نأ بجی ، اھئادأ مییقتو

.ةلاسرلا هذھ يف عیرسلا قیرطلا ویرانیس ضارتفا مت .تابكرملا نم ىزغم تاذ ةعومجم ءانبو رییغتلل

حارتقا متی .ةلخادتم ریغ تاعومجم يف ةكرحتملا تابكرملا میظنت متی ، حرتقملا عیمجتلا جھن يف

ةعزوملا :ةلتكلا لیكشتل ناتیجیتارتسا كانھ ، ماع لكشب .ةلتكلا سیئر رایتخلا ةددحملا رییاعملا

ساسأ ىلع عیمجتلا ةیجیتارتسا رایتخا متی ، ةلاسرلا هذھل حرتقملا ماظنلا يف .ةیزكرملاو )ةصصخملا(

لثمتت ، ایًناث.(RSUs)قیرطلا بناج تادحو ةدعاسمب اھیف مكحتلاو عیمجتلا ةیلمع ةرادلإ زكرملا

يف لاصتلاا نم لك زیزعتو ھب قوثوم ماظن ءانبل ةیلبقتسملا ةكرحلاب ؤبنتلا يف ةیمھأ رثكلأا ةیضقلا

VANETةیلمعلا ىمسی يذلا يضایرلا جھنلا ىلع عیمجتلا ةیمزراوخ ةءافك دمتعت .يكذلا لقنلا ماظنو

.فوكرام ةیلمع مادختساب تاعومجملا ىلإ اھكرتو تابكرملا مامضناب ایًضایر ؤبنتلا نكمی .ةیئاوشعلا

.ایًلمع فوكرام موھفمل يضایرلا جھنلا ةمءلامل يلمعلا قیبطتلا قیبطت متی ، ةساردلا هذھ يف نكلو

مامضنلااو تابكرملا ةرداغم ةبقارمل ةفلتخم ةلسلستم تاقوأ يف ةعومجم لك يف تابكرملا ددع ظحول

.لاصتا تادعم ىلع يوتحت يتلا تابكرملا نیب تامولعملا رشن نكمی ،VANETيف ، ارًیخأ .اھیلإ

.تابكرملا نیب ریذحتلا لئاسر رشتنت نأ نكمی .يقلتملا وأ ھجوملا وأ لسرملا رود ةبكرم لك بعلت

، ددعتملا ثبلاو ، ثبلا :عاونأ ةثلاث يفVANETيف تانایبلا رشن ةجذمن ةیلمع ذیفنت اضًیأ متی ، كلذل

.ةفلتخم تاھویرانیس يف حرتقملا عیمجتلا جھن ىلع ءًانب اھمییقت متیو ، يداحلأا ثبلاو

عیمجتلا ماظن نم لضفأ ناك ةحرتقملا عیمجتلا ةیمزراوخ ءادأ نأ ةبرجتلا جئاتن ترھظأ

ریشت امك ، اھؤاشنإ مت يتلا لتكلا ددعو ةلتكلا رارقتسا ثیح نم(CBSC)زكرملا ىلإ دنتسملا نملآا

ویرانیسلا ققحی ، تانایبلا رشن جذامن يف .ةكبشلا مجح ةدایز عم جئاتنلا يف نسحتلا ىلإ سییاقملا

جذومن ءادأ ناك.ددعتملا ثبلاو ثبلا نم لاًدب ةدیج ءادأ سییاقم يداحلأا ثبلا تانایب رشن عم رثانتملا

میلست ةبسنو ریخأتلا ثیح نم.يلامتحلااثبلاو عیمجتلا ةیمزراوخ نم لضفأ حرتقملا تانایبلا رشن

.ةمزحلا


