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Abstract VANET is modern and effective networks to manage the communication between cars and
city infrastructure. It’s used to increase the efficiency of self-driven cars in transforming data, and
hence to improve their ability. In this study, clustering is considered as a method to group the cars to
improve data sharing speed in order to gain high efficient network. Clustering is the creation of a
more reliable and scalable vehicle network by combining vehicles moving on a specific street or area.
There are multiple criteria for clustering. We will address two criteria: First: - extent of
communication between cars we mean by extent of communication the distance through which the car
can communicate with another car. The second: - the direction in which the car is traveling. For this
purpose, a simulation is established by using NetLogo to represent a virtual city and mobilized cars, to

observe the important variables effecting the process. And get a better understanding on how to shape

the optimal clustering operation for different circumstances.

Keywords: Vehicle ad hoc network, Mobile ad hoc network, Vehicles-to-Vehicles, Vehicles-to-
Infrastructure.

1. Introduction

Vehicle ad hoc network (VANET) is essentially a specific form of ad hoc mobile network
(MANET) used in modern transportation systems, serving as communication between adjacent
vehicles and nearby fixed roadside equipment. VANET provides two approaches to connectivity,
Vehicles-to-Vehicles (V2V), and Vehicles-to-Infrastructure (V2I). Several of VANET’s applications

concentrate on enhancing road safety by reminding drivers of avoiding dangerous transport incidents,
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such as traffic accidents, severe weather and so on. Notice that through this research; sometimes the

cars in VANET network, are referred to as nodes. VANET's key characteristics can be set to [':

e High mobility: the nodes (i.e. cars) travel frequently and fairly quickly.

e Patterned mobility: nodes usually move along predefined paths such as roads and streets.

e No energy constraints: typically, VANET nodes are linked to continuous power suppliers
such as vehicle engines.

e Frequent changes in network topology: nodes movements cause topology changes repeatedly
due to changes in high-rate connections.

e Unbounded network size: VANET usually has wide, dense, and unbounded deployments.

e Frequent communications: the nodes relay on network traffic regularly to deal with changes
in network topology, routing, and communications.

e Time-critical for data delivery: network traffic needs to be transmitted within time limit,

because VANET nodes need to take real-time action or decisions.

VANET clustering aims to turn the network structure from flat to hierarchical representation by
splitting the network into virtual vehicle classes called clusters. Every cluster has a leader, normally
donated by the head of the cluster (CH), and several members of the cluster (CMs). The CH serves as
the cluster’s center for communication, or entry point. Then instead of dealing with a mere ad hoc
network, a virtual channel introduced in a structure-based network without the need to install costly
physical infrastructure. Additionally, when the clustering takes into account the vehicle mobility
information, the topology within the cluster becomes relatively static. Therefore, the highly dynamic

problem of topology is becoming less serious.

That sort of clustering is generally called (clustering based on versatility). To achieve their goals,
a wide variety of protocols and applications depend on the VANET clustering. Many security
applications, for example, exploit clustering to address certain security threats and detect
intrusion. In addition, several VANET routing protocols are proposed based on clustering to
mitigate scalability problems As clustering makes efficient use of network resources and
scheduling of medium access, different MAC protocols use the CH of each cluster to organize the
medium access between cluster members .In addition to many other applications, such as
topology discovery and QoS assurance, VANET safety applications benefit from clustering to
disseminate safety messages!?!.

2. Mobile Ad hoc Network

Ad hoc networks emerge as the latest network age And defined as a temporary set of mobile nodes
(MNs) Without the assistance of any centralized management or
standard help Services. services. In Latin, ad hoc simply means "for this," meaning "furthermore"

Generally temporary intent only.
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A Network Ad Hoc Usually considered as a network with relatively mobile nodes Compared with
that of a wired network. Therefore the topology of the network is a lot More dynamic and the
changes are often unforeseeable against the Internet What a wired network.

That produces a lot of difficult research issues, Because it is often unclear how the routing should take
place Due to the various resources, such as bandwidth, battery power and Asking for latency. The
routing protocols widely used in wired networks Is not well suited for a complex environment of this
kind. In contrast to wireless networks based on an infrastructure, in ad hoc Networks of all nodes are
mobile and dynamically connectable in a Even arbitrarily.

This can be achieved, either because it might not be To have the requisite financially realistic or
physically feasible Infrastructure or condition does not require installation thereof.

A Reference Examples of these cases will be acquaintances or business partners At an airport terminal
and want to exchange business cards, or to swap business cards Emergency response, a group of
rescue workers may need to deploy quickly In such instances Situations, a set of wireless network
interfaces mobile hosts can Form a temporary network, without any infrastructure established or
Centralized Government. This form of wireless network is known as a publicity Hoc networking. In
case only two hosts are within the range of the transmission

Ad-hoc network presence, no specific routing protocol or routing decisions are necessary In many
realistic ad hoc networks, however, two hosts wishing to Communicating might not be close enough
to wireless transmission range To one another.

These hosts could only interact if there were other hosts in between They, who also participate in an
ad hoc network, are prepared to forward packets To them.

Consider Figure 1 as shown below, as an example. Handy host C Is not within the wireless transmitter
range of host A (specified by the circle About A) and host A is not within wireless transmitter range
of host C Now, if A and C wish to interact with each other, in this case, they might Provide host B
services to forward packets to them, because host B Lies within both the

A and C transmission ranges. A true Network ad hoc Could be more complicated than this example
given the inherent Non-uniform wireless transmission propagation characteristics, and Possibility of

any or all of the hosts concerned moving at any time.
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Figure 1 an example of mobile ad hoc network

3. Vehicular Ad hoc Network

Vehicular ad hoc networks (VANETSs) are created by applying the principles of mobile ad hoc
networks (MANETSs) — the spontaneous creation of a wireless network of mobile devices — to the
domain of vehicles. " VANETS were first mentioned and introduced ["!in 2001 under "car-to-car ad-
hoc mobile communication and networking" applications, where networks can be formed and
information can be relayed among cars. It was shown that vehicle-to-vehicle and vehicle-to-roadside
communications architectures will co-exist in VANETSs to provide road safety, navigation, and other
roadside services. VANETS are a key part of the intelligent transportation systems (ITS) framework.
Sometimes, VANETS are referred as Intelligent Transportation Networks [1°]

While, in the early 2000s, VANETs were seen as a mere one-to-one application of MANET
principles, they have since then developed into a field of research in their own right. By 2015,
14(p3) the term VANET became mostly synonymous with the more generic term inter-vehicle
communication (IVC), although the focus remains on the aspect of spontaneous networking, much
less on the use of infrastructure like Road Side Units (RSUs) or cellular networks.

VANET is a distributed mobile self-organized network. It is also less infrastructure network
comparing with Wi-max, Wi-Fi or GSM technology ''l. As each mobile network has number of
mobile nodes. Vehicles, mobile nodes in VANET, must have some features to participate in a
VANET. Transceiver device to communicate with others is essential to have for each vehicle. A
VANET has been used to sense or monitor environment conditions of the network. For this purpose,
vehicles should be supplied with sensor devices to sense traffic conditions, hazards, road conditions
etc. furthermore, vehicles may have reasons for intelligence such as CPU and memory to make
decisions "2, On the other hand, the VANET needs to special nodes, usually stationary, to provide a

variety of services as well as they sometimes service as gateways to the Internet. These stationary
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nodes are usually deployed on the road sides, thus they called Road Side Units (RSUs). There are
three scenarios to utilize the VANET’s services; these are

urban, rural and highway scenarios. Each scenario has own specific characteristics, for example in
urban scenario, as this dissertation focuses on, there are high density of vehicles and low speed
13]

average whereas in highway or rural scenarios the story is different !

4. Results

First the result of observing the model simulation by following the default values of the system
variables are shown. Next the changing in the values of the variables and how they effect the

simulation results will be discussed.

Notice the criteria used to compare between the different simulations is the number of links over time
in each simulation (the pattern of it). This could be observed and compared by using of the plotting of
the number of links between the cars over the ticks (time) in the simulation. Moreover, the maximum

number of links in each simulation will be observed.
Notice that the clustering rules are:

e There are predefined maximum limit distance between two cars in each cluster. Which means
that the user of the system inputs the maximum value between two cars in order to consider
them as in the same cluster. Which could be input by the slider named grouping-distance.
This slider have a minimum value of 1. And a maximum value of a 10. Notice that this value
doesn’t represent the size of the cluster. Since the size of the cluster will heavily depend on
the number of cars in it, and the distance between the cars.

e Each cluster is composed of cars in the same direction. So if there are two cars on the same
street, with close distance that less than the grouping-distance variable value. But they are
heading to different directions, no connection will be joined between these two cars. And thus
they will not be in the same cluster.

1-Default values: Default values are the values where the initial setup of the system is
configured to. These values are:

- Grouping distance: 5

- Number of cars: 100

- Light interval: 10

- Acceleration: 0.185

- Deceleration: 0.057

- Speed limit: 70

- Probability of turning: 40

- Time to crossing: 1000
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Basic politeness: 50

Turning left?: Off

The general pattern could be observed when the default values of the simulation are set on are as

following:

The number of links starts to jump very high at the beginning, when the traffic for up and
down roads are green. This is because new links are made for the first time (approximately
from tick 1 to tick 560).

Afterward, it keeps the number of links steady when all the traffics are red. Meaning no new
clusters are created. This is because most of cars are stopped now, therefore the number of
links are fixed (approximately from tick 560 to tick 750).

When the left and right roads traffics are green, and cars starts to move, the number of links
starts to go down in general, this is because some cars are turning and disconnect from their
previous clusters (approximately from tick 780 to tick 860).

The drop down of number of links is followed by a simple increase and decrease pattern of
links over time. And this is because some cars are turning and disconnect from their cluster.
And after turning they find new cluster to join in. especially when they turn and move
forward, they face a red light traffics, with some cars stopped and available to join them
(approximately from tick 880 to tick 1300).

When most cars turn and stops in the red traffics, the number of links start to be simply
increasing until almost all cars are stopped now (approximately from tick 1300 to tick 1800).
After the up and down roads traffic are green, the links number is decreased because with the
movement of cars many connections are lost because some cars are moving away from their
clusters (approximately from tick 1800 to tick 2000).

Afterward when some cars are turning we can notice a simple decrease and increase in the
number of the links due to the turning of some cars and disconnecting from their clusters and
joining the clusters of stooped cars. However, this general pattern shows an increase in this
step. Until it hit its peak when all the traffics light are red (approximately from tick 2000 to
tick 2800).

And the same pattern is repeated again and again after the second step, resulting in pattern for the

number of links over time like it showed in Figure 4.3.

This group of steps will be the initial cycle that the different variables will be observed upon it. It

starts with the traffic lights of vertical roads are green. Then they are set to red, and the traffic lights

of horizontal roads are green. Afterward the traffic lights of horizontal roads are red, and the traffic

lights of vertical roads are green. And finally the cycle ends when both of them are red now.
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number of links
292

3430

299

number of links

3430

Figure 2 two pattern of two simulations with the same default values of variables, showing the

number of links over time

2-Variables impact: here the variables, which are effecting clusters creating (number of links), are
discussed. By both showing, which variables are effecting the number of links and the maximum size
of links approachable, and to how much extent they do.

e Turning left variable: the default value of it is off. However, when turning its value to on, we

can observe generally a similar pattern to the default pattern showed in Figure 4.3. However,

some differences in the speed of changing in the shape of pattern is observed as showed in

Figure 4.4. Where we can notice that the peaks are higher and stretched on longer time line

than the default pattern. This is because turning left gives the cars extra field to join stopped

cars in their clusters. And create new connection to the stopped cars.

Moreover, the same reason made the increase of links after the cars movement is going up

more rapidly.

number of links
351

3430

333

number of links

430

Figure 3 two pattern of two simulations with furning left variable is set to on, showing the number of

links over time
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e Grouping distance variable: although the minimum value for this variable is one, but we

cannot really see the links connecting between the cars until the value of grouping distance
variable reaches the value of three.

So to test the impact of this variable, its value is reduced from five to three. And it showed
that approximately the maximum number of links during a whole cycle is drop down to about
149 links comparing to 290 links with the default values. This is because shorter the link
between cars, less connections are made.

However, the pattern of number of links over time is still similar to the pattern with the
default values as shown in Figure 4.5.

But when the grouping distance value is set to eight, we can notice that the maximum number
of the links is up to about 410 links. Which is normal since each car have more cars to
connect to when the grouping distance is high. However no dramatic change was observed in
the pattern of the number of links over time comparing to the default values pattern, neither

the pattern when the grouping distance value was three as shown in Figure 4.6.

number of links number of links
149 171

]
=

=

3430

=

3430

Figure 4 two pattern of two simulations with grouping distance variable is set to three, showing the
number of links over time

number of links number of links
414 385

a 3430 0 3430

Figure 5 two pattern of two simulations with grouping distance variable is set to eight, showing the
number of links over time

45



Journal of Advanced Computer Science and Technology Research, Vol 10 No3, September 2020, 38 - 54

Probability of turning variable: when decreasing the initial value of this variable from 40% to
20%, or when increasing it to 70%, there is no real change in the maximum number of links.
Moreover, when decreasing the value into 20% the pattern of the number of links during time
is not dramatically changing as shown in Figure 4.7. However, when increasing the value to
70%, we can notice that the curves of the graph are more linear than others as shown in
Figure 4.8. And the falling down in the number of links after the traffic lights are green are up
faster than other observations. Which indicate that the number of links are created faster after
the movement of the cars. And this is because the cars are more likely to turn and join the
stopped cars cluster on the opposite street.

number of links
J11

]

3130

260

=

number of links

3430

Figure 6: two pattern of two simulations with probability of turning variable is set to 20%, showing

the number of links over time

number of links
2938

0 34130

282

number of links

3430

Figure 7: two pattern of two simulations with probability of turning variable is set to 70%, showing

the number of links over time

Number of cars variable: when decreasing the initial value of this variable from 100 to 50, the
number of connections are decreased, which is expected since there are less cars to connect.
Nevertheless, the patter is relatively still the same as showed in Figure 4.9.

However, when the number of cars is increased to 200, we can see a jump in the number of
links to maximum number of 700, which is expected too. But the pattern is different now.
Since we can’t notice the falling down edge shape of link numbers anymore after the car
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movement. And the number of links is going down smoothly and keeps a relatively increasing

curve, as
number of links
102
]
i 3430
number of links
101
i]
] 3430

Figure 8: two pattern of two simulations with number of cars variable is set to 50, showing the
number of links over time

shown in Figure 4.10. This is because the large number of cars make many cars available to
connect nearby. So when the car disconnect from its previous cluster, it finds a new cluster
quickly to join since there are many cars around.
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number of links
a2

716

3430 1]

number of links

3430

Figure 9: two pattern of two simulations with number of cars variable is set to 200, showing the

number of links over time

e Speed limit variable: when the maximum speed of the cars are set up to 125, or set down to
30, no change in the maximum number of links are observed.
However, we can notice smother curves in the peaks and the increasing number of links after
the movement of cars when setting the maximum value to 125 as shown in Figure 4.11. This
is because the cars can find new cars to connect with faster.

On the other hand, when setting the maximum speed to 30, we notice a less stable and steady
peaks and curves as shown in Figure 4.12. This is because some cars keeps moving for a

longer time until they find a nearby cars to connect to.

268

number of links

3430

number of links

F430

Figure 10: two pattern of two simulations with speed limit variable is set to 30, showing the number of

links over time
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264

number of links

430

295

number of links

3430

Figure 11: two pattern of two simulations with speed limit variable is set to 125, showing the number
of links over time

e Time interval variable: the same number of ticks is considered here with other simulations,

when the value of it is decreased from 10 to 5 (since we can’t select the cycle period, in order
to compare it fairly to the other graphs we have), we notice that the maximum number of
links is approximately similar to other simulations. However, we can notice the previous
default pattern is repeated during the same length of ticks, as showed in Figure 4.13. This is
because the cars now spend less time in each traffic light.

Similarly when the light intervals is increased to 20, more ticks are required to observe one
cycle time period. And that led to similar pattern but on longer time, as showed in Figure

4.14.

275

number of links

3430

277

number of links

3430

Figure 12: two pattern of two simulations with /ight interval variable is set to 5, showing the number
of links over time
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number of links number of links
295 295

] 6700 0 6700

Figure 13: two pattern of two simulations with /ight interval variable is set to 20, showing the number
of links over time

1-Number of groups: here we will try to associate the pattern of number of links with the pattern of
number of groups. Number of groups is the number of clusters where each group (cluster) contain
connected cars. This will give a better understanding of how the movement of cars under different
circumstances is effecting the car clustering.

o Default settings: when the default settings are set, some similarity in patterns are observed as
showed in Figure 4.15. Which illustrate the similarity areas between the pattern of number of
links and number of groups in default setting. Which shows that the number of groups get to
its peak when the number of links at its lowest points.

e Turning probability variable: in order to ensure that the correlation between the number of
links and number of groups is valid, a further test is conducted. Which a new setting of

variables are set and to compare their pattern. The variable of turning probability is set to
20%. And compare the pattern of number of links with the pattern of number of groups as
showed in Figure 4.16. Similar observation is found to the previous results, showing that there
is reverse correlation between number of links and number of groups.
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Figure 14: comparing between the patterns of number of links and number of groups, with default
settings

number of links number of links

s 8 '~ | Number of
links

0 ]
3430 i 3430

L]

num of o oups

* Lw | Number of
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0 3430 0 3430

Figure 15: comparing between the patterns of number of links and number of groups, with variable
turning probability is set to 20%

o Interpretation: as discussed previously, the lower the number of the links, the higher number
of groups. Therefore, we can conclude there is a reverse relationship between the two
numbers. This is because the lower the number of links means there are lower connection
between the cars. Which indicate more groups of cars (clusters). Since if more cars are
coming together in the same group (higher number of links) will lead to lower number of
clusters.
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The results will be discussed. Mainly how the different values of combination of variables effecting

the clustering of cars in city environment.

Notice that creating the clusters in NetLogo will be done by drawing links (red lines) between the cars

in the environment. So the cluster shape will not be circular as usually used in other works.

5. Conclusions:

In this project, a theoretical background about VANET is conducted. And identified the limitations
and challenges of it. Moreover what could improve its performance. One important key in improving
the VANET performance is clustering the cars in close distance so it will decrease the communication
cost, and increase data transformation speed.

To test the best configurations to create the optimal clusters, a simulation of a city and its moving cars

is created by using NetLogo. And many tests and simulations are carried out and observed. This led to

highlighting the importance of each variable and how they affect the clustering process.
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