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Abstract—Vehicles in Vehicular Ad-hoc Networks (VANETS)
are characterized by their high dynamic mobility (velocity).
Changing in VANET topology is happened frequently which
caused continuous network communication failures. Clustering is
one of the solutions applied to reduce the VANET topology
changes. Stable clusters are required and Indispensable to
control, improve and analyze VANET. In this paper, we
introduce a new analytical VANET's clustering approach. This
approach aims to enhance the network stability. The new
proposed grouping process in this study depends on the vehicles
velocities mean and standard deviation. The principle of the
normal (Gaussian) distribution is utilized and emerged with the
relative velocity to propose two clustering levels. The staying
duration of vehicles in a cluster is also calculated and used as an
indication. The first level represents a very high stabile cluster.
To form this cluster, only the vehicles having velocities within the
range of mean + standard deviation, collected in one cluster (i.e.
only 68% of the vehicles allowed to compose this cluster). The
cluster head is selected from the vehicles having velocities close to
the average cluster velocity. The second level is to create a stable
cluster by grouping about 95% of the vehicles. Only the vehicles
having velocities within the range of mean + 2 standard deviation
are collected in one cluster. This type of clustering is less stable
than the first one. The analytical analysis shows that the stability
and the staying duration of vehicles in the first clustering
approach are better than their values in the second clustering
approach.
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. INTRODUCTION

Vehicular ad hoc networks (VANETS) represent a crucial
view of the Intelligent Transportation System (ITS).
Increasing the daily traffic represents a great challenge for the
citizen of all urban and rural places. The street traffic safety
and management principles continuously affect the
individual’s life. Focusing must be made on street safety to
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improve its traffic efficiency. Efficient street traffic safety and
management can be achieved with the huge advancement in
Information Technology (IT) by developing reliable
communication among vehicles [1]. A vast development in
manufacturing, wireless communication and intelligent
technologies helps in equipping modern vehicles with
onboard unit (OBU) wireless communication to enable
vehicles communicate with their neighbors through a Vehicle-
to-Vehicle (V2V) and with Road Side Units (RSUs) as a
Vehicle-to-Infrastructure (V21) or Infrastructure-to-Vehicle
(12V) communication style [2]. VANET is characterized by its
high moving speed on streets. The vehicles high mobility is
significantly affecting the connectivity, throughput and the
process of exchanging safety or non-safety traffic information
among vehicles [3], [4] VANET aims to prevent collision,
accidents and to offer comfortable for passengers by
disseminating emergency information in advance [5].

Dynamic and dense network topology characteristics in
VANETS cause problems, such as congestion, rerouting and
the hidden terminal problem. Clustering techniques have been
proposed to improve the communication in VANETs by
grouping nodes in geographical vicinity together to enhance
communication efficiency. It can also be used for frequency
reuse [6], to reduce data congestion and to support QoS
requirements. By grouping the vehicles into sets of similar
mobility, the relative mobility between communicating
neighbor nodes can be reduced [7]. Clustering structures for
VANETs are well studied and discussed in the related
literatures. Various clustering approaches have been proposed
in VANETS [8], [4], [9]. Grouping of vehicles in clusters may
deliver certain level of routing scalability, improving resource
sharing and developing communication efficiency [10].

Clustering performance is commonly evaluated by cluster
stability. Clustering forms must ensure good stability with less
overhead, longer Cluster Head (CH) and Cluster Member
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(CM) lifetime duration, fewer numbers of changes in vehicles
states and minimum CH changes [11], [12]. Most of the
VANETs proposed clustering approaches are based on
velocity, position, lanes, vehicles density, movement pattern
and degree of connectivity [10], [9]. Ensuring stability
represents the essential challenge for clustering procedures in
dynamic environments. The well-organized clustering
procedures must have the ability to maintain the existing
cluster formation and reducing its overhead [13], [11], [14].

In this work, we present a new approach to form vehicles
clusters. This approach aims to increase the network stability
and to decrease its topology dynamics. The principles of the
normal (Gaussian) distribution are utilized for the first time in
accepting or rejecting the vehicles in the process of cluster
formation. Relative velocity and staying duration are also
emerged in this study as crucial decision variables. The
velocities method and standard deviation are also represents
the corner stone in this suggested clustering approach.

1. CLUSTERING PROCESS

Clustering is the process of grouping the vehicles into
different sets. These sets are called clusters. Every cluster
must have one vehicle that plays the role of leader or CH. CH
is responsible for the communication with the CMs and with
other neighbor clusters. The clustering process is used to
reduce the routing overhead, suitable use of the network
bandwidth and enhance the message delivery. In order to
make the clustering processes more efficient, different
clustering algorithms are suggested and designed. These
algorithms are developed for the cluster formation and cluster
maintenances. In cluster formation step, the algorithm is used
to make a cluster, elect the CH, assign members, gateway and
assist communication. In maintenance step, the algorithm is
used to improve the links and to describe the leaving vehicles,
the joining vehicles and the merging clusters [15], [11].

1l. NORMAL DISTRIBUTION

The Normal distribution is also known as Gaussian
distribution is usually formed as a bell- curve. It represents an
organization of a data set in which most values are groups in
the central of the sequence and the others are distributed
symmetrically toward both ends. Normal distribution are
widely used to approximated and model several actual random
phenomena in a well manner. There is a very robust
association between the size of a sample n and the possibility
to which a sampling distribution tends to the Gaussian shape.
Several sampling distributions created on big n can be
approximated by the Gaussian distribution even though the
population distribution itself is definitely not Gaussian.
Gaussian is a continuous time probability distribution to
represent all x values from -co to +o. So each possible interval
of actual quantities has a probability other than zero. The
Gaussian (Normal) distributed is usually denoted by N (p, 6°)
(where p is the data mean and o is its variance). Equation 1
represents the probability density function (f(x)) of the normal
distribution. Mode, median and method have equal values in
Gaussian distribution. Literatures show the percentage value
of the data falls within any value of standard deviations from
the mean. Their limits and percentages were empirically
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calculated and listed in tables. Fig. 1 shows some of these
percentage values under the normal curve [16], [17].
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68.2%
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99.7%

Fig. 1. Percentage values under the normal curve.

The following equations [16] are used to estimate the
sample mean (X,) and the sample variance (s%) or the standard
deviation (s).
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In this study, W is used to represent the sample mean (%)
and o is used to represent the sample standard deviation (s).

V. VEHICLES RELATIVE VELOCITY

The relative velocity between any two moving vehicles
can be calculated as the absolute difference between these two
vehicles velocities as shown in (4) [18].

Relative — velocity = |Uj - Uil (4

Where v; represent the velocity of the vehicle j and v; is the
velocity of the vehicle i. The impact of the relative vehicles
velocities will result in two events affecting the cluster
structure. These events are some vehicles leaving the cluster
and/or some vehicles entering the cluster [19]. Relative speed
level among vehicles can helps in keeping the vehicles in a
cluster and reducing the probability of moving out of that
cluster [20], [13], tried to create new reliable cluster. They
depended on the velocity difference among vehicles, vehicles
direction and vehicles location in their clustering formation
process. Their approach generates two groups of vehicles
whose relative velocity is less and greater than each vehicle
[21].
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All the related literatures aim to create relatively stable
cluster in VANET although the CMs and CHs are high
velocity vehicles in order to extend the clusters lifetime. When
the relative velocity between CMs and their CH is small then
the cluster will be more stable. The vehicle having relatively
small velocity difference represents the optimal choice to play
the role of the CH [22]. In VANETS, the connection duration
between any two vehicles depends on their relative velocity.
The connectivity duration between any two vehicles is a
function of the communication range and their relative
velocity. The relative velocity distribution can be used to
estimate the connectivity duration. Velocities Gaussian
distribution models can be used to model the connectivity
duration. The connectivity duration (t) between any two
vehicles estimated using (5) [23].

2R
<= Q)
Where R is the vehicle communication range and Av is the
relative velocity between the two vehicles.

Merging the velocity and location of the adjacent vehicles
represents one of the best approaches to measure the link
duration. Most of the suggested cluster merging approaches
are motivated either when the distance between two adjacent
CHs is less than a specific threshold [13]. Or when the CHs
stay associated for a time duration larger than a predetermined
value [24].

The applied performance metrics to evaluate the cluster
stability are the CM and CH duration, CH change rate,
clustering overhead, and number of vehicles that needs to
make a decision about the next state. The average relative
speed is preferred to be low which means it has less moveable
compared with their adjacent. It can be elected as a CH. To
maximize the connection probability, the relative velocity of
the vehicles must be minimized. When the relative vehicle
velocities are increasing, the probability of breaking the
connection will increase [25]. Therefore, the relative velocity
between two vehicles can vary from 0 to 260 km/h as
indicated in certain highways zones [26].

V. CLUSTERING MANAGEMENT

In this paper, the proposed model is heavily based on the
clustering process. The instantaneous velocity of each vehicle
represents the pivot stone in this model. The moving vehicles
in the same direction are considered in this study. Each
vehicle must have a unique 1D number and equipped with an
on-board-unit (OBU) to be able to deal with the IEEE802.11
as a Dedicated Short Range Communications (DSRC) system.
The vehicles are also equipped with a Global Positioning
System (GPS) device to provide information about real-time
vehicle speed, direction, and land attributes. The vehicles can
also proactively and periodically collect real-time traffic
information.

The cluster formation process must be proposed with the
purposes of reducing the number of cluster heads in the
network, maximizing the duration of CH and CMs to provide
certain stability level and reducing the overhead [27].
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Most literatures stated that the vehicles velocities are
normally distributed [28]. So the fitted normal curve can be
applied and used to estimate the required parameters. These
parameters are the numbers of vehicles, velocities median,
mean, mode and standard deviation.

VI. PROPOSED SOLUTIONS

The suggested approach in this analytical study is to
design new reliable stable vehicles clusters. Merging the
fundamentals of the normal probability distribution function,
vehicles mean velocity; velocities standard deviation, relative
velocity and vehicles transmission range can be utilized in
creating a novel real time clustering approach.

Due to the communication facilities, the number of
vehicles in certain street segment can be calculated and
controlled. There velocities and locations are changeable with
time. The velocities mean (p) and standard deviation (o) can
be calculated easily using equations (2 and 3). The following
percentages and numbers can be developed:

e Area under the curve from (U - o to u + o) represents
68.2% of the total area. We can use this value to select
about (68%) of the vehicles to compose a very high
stability cluster and exclude about 32% of the vehicles.
These excepted vehicles represent the vehicle affecting
the clusters maintain. Some of these vehicles will
leaving the cluster after certain time due to their very
high or very low velocity. Such cluster will have long
life time cluster. All the vehicles in this cluster are
within a very close level of velocity. The relative
velocity among them is very small. Fig. 2 shows in (a)
a simple representation of the vehicles grouping and in
(b) the suggested area under the normal curve with its
percentage.

(a) A simple vehicles grouping representation.

u-3¢ wu-20 u-o u u+o p+20 u+3c

(b) The suggested area under the normal curve and its percentage.

Fig. 2. A simple representation and the suggested area under the curve and
its percentages.
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e The area under the curve from (4 - 26 to p + 20)
represents 95.4% of the total area as indicated in Fig. 1.
Fig. 3 represents the limitations and the (95%) of the
area under the normal curve. We can use this value to
select about (95%) of the vehicles to create a stabile
cluster and exclude about 5% of the vehicles. These
excluded vehicles represent the vehicle affecting the
cluster maintains. Some of these vehicles will leaving
the cluster after certain time due to their very high or
very low velocity. Such cluster has less life time
compared with the previous one. Most of the vehicles
in this cluster are within a close level of velocities.

There is a tangible difference among the vehicles
velocities in this cluster. The relative velocity in this cluster is
greater than that in the first clustering approach.

I T T 1
u-30 u-20 u-o n u+o u+20 u+3o

Fig. 3. The limitations and the area that represents 95% under the normal
curve.

VII. CASE EXAMPLE

In order to implement and apply this idea, the following
example is suggested. The data sample in Table | represents a
suggested example of 21 vehicles (ID) and their velocities in
(km/hr.) in certain street.

TABLE I. SAMPLE OF 21 VEHICLES ID AND THEIR VELOCITIES
Vehicle | Velocity | Vehicle | Velocity | Vehicle | Velocity
1D Km/hr. ID Km/hr. 1D Km/hr.
1 70 8 95 15 70

2 90 9 100 16 60

3 60 10 90 17 120

4 75 11 80 18 100

5 100 12 75 19 95

6 120 13 110 20 85

7 110 14 90 21 90

According to equations (2 and 3):
The sample Mean 1 =89.7619
Standard deviation ¢ =17.4983

The first approach is to collect the vehicles within the
percentage range (U - ¢ to u + o) in one cluster. About 68% of
the vehicles (13 vehicles out of 21) will be grouped to form
this cluster. The following indications can be reached after
analyzing the collected data with the Gaussian fundamentals:

Maximum velocity allowed = 107.2602 km/hr
Real data Maximum velocity =100 km/hr
Minimum velocity allowed = 72.2636 km/hr
Real data Minimum velocity = 75 km/hr
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Velocities Range (faster - slower) = 34.9966 km/hr
Real velocities Range = 25 km/hr

Number of vehicles in this cluster = 13 vehicles
Cluster head velocity = 90 km/hr

Maximum relative velocity = 100-75 = 25 km/hr

The relative velocity between the CH and the slowest
vehicle in this cluster is 15 km/hr.

The relative velocity is ranged from 0 to 25 km/hr.

The expected duration for this cluster can be estimated
using equation (5) after suggesting the transmission range to
be 1000 m (1km).

t.= 2/15 = 0.1333hr. (This means that the slowest
vehicle will stay about 8 min in this cluster).

t.= 2/10 = 0.2 hr = 12 min ((this means that at least 11
vehicles (85%) will stay after 12 min in this cluster).

Table Il shows the IDs and velocities for the vehicles
forming this high stable cluster.

TABLE II. VEHICLES ID AND VELOCITY
1|1 1 1 1|12 |2
ID 2 4 5 8 9 0 1 2 2 18 9 0 1
Velocit | 9 7 10 9 10 9 8 7 9 10 9 8 9
y 0 5 0 5 0 0 0 5 0 0 5 5 0

The second approach is to collect the vehicles within the
percentage range of (U - 2o to pu + 20) in a cluster. About 95%
of the vehicles (20 vehicles) will be grouped to form this
cluster. Practically, according to the velocities data range in
Table I, 20 vehicles will be collected in one cluster.

Maximum velocity allowed in this cluster is = 142.2568 km/hr
Real Maximum velocity =120 km/hr

Minimum velocity allowed is = 54.7653 km/hr

Real Minimum velocity = 60 km/hr

Velocities Range (faster - slower) = 60 km/hr

Real velocities Range = 60 km/hr

Number of vehicles in this cluster = 20 vehicles

Cluster head velocity = 90 km/hr

Maximum relative velocity = 90-60 = 30 km/hr (between
the CH and the slowest vehicle in this cluster). The relative
velocity is ranged from 0 to 30 km/hr.

The expected duration for this cluster can be estimated
using (5) after suggesting the transmission range to be 1000 m
(1km).

t.= 2/30 = 0.066 hr. (this means that the slowest vehicle
will stay about 4 min in this cluster).

t.= 2/10 = 0.2 hr = 12 min ((this means that at least 11
vehicles will stay after 3.6 min in this cluster).

The same data in Table | represents the vehicles forming
this stable cluster.
VIII. CONCLUSION

The dynamic features of VANET require new developed
approaches to form stable clusters. In this paper, we presented
a new VANET cluster formation analytical approach.
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According to vehicles velocities, the average (mean) and
standard deviation are estimated and utilized to establish the
cluster velocity limits. These velocity limits are imported from
the normal (Gaussian) distribution fundamentals using the
mean and standard deviation. The upper limit is estimated by
adding the (k) standard deviation to the mean and the lower
velocity limit by subtracting (k) standard deviation from the
mean (where k = 1, 2, and 3). So, one stability level can be
selected to form a cluster out of these two possible clustering
levels. These limits are used to create two stable clustering
levels. Any vehicle in these clusters having velocity equal or
close to the average value can be elected to play the role of the
CH. Each vehicle having velocity within the velocity limits
registered as CM. The staying duration and relative velocity
are also used in this study to evaluate and analyze the cluster
maintain step. The cluster stability will be increased with the
decreasing in the suggested velocity limit. The resulted
relative velocity is decreased with the decreasing in velocity
limit while the staying duration is increased. Developing
equations to estimate the wvehicles leaving and joining
probabilities are proposed for the future work.
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