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Abstract: One of the main characteristics of a Vehicular Ad-hoc 

Networks (VANET) is high mobility. Therefore, the high 

overhead and end-to-end delay are natural results. The 

prediction of future movements for vehicles provides traffic 

observations to improve and enhance the network performance 

and to serve the VANET applications. The clustering approach 

is a popular technique used in most studies to deal with the 

network's dynamic topology. In most studies, the clustering 

algorithms are tested and evaluated according to the cluster 

head (CH) selection approach. Selecting a suitable CH will lead 

to the prolonging of the cluster lifetime.  A long life time 

represents an indication for cluster stability, also known as 

cluster maintenance.  Cluster maintenance has got less 

consideration by the previous VANET studies. The stability 

prediction represents a challenging task in the clustering 

approach. This paper highlights the stability prediction in the 

VANET’s Highway scenario. It proposes a new approach to 

evaluate the vehicle’s cluster stability prediction by utilizing the 

stochastic process. The modeling of joining and leaving takes 

place using the birth-death process as a stochastic process for 

evaluating the stability of the clustering algorithm. The main 

advantage of this approach is to predict and evaluate the vehicle 

cluster stability with time, using a new mathematical model. 

 
Keywords: VANET, clustering, birth-death, stochastic process, 

stability, cluster maintenance, Markov. 

 

I. Introduction 

         Vehicle Ad-hoc Networks (VANETs) are networks that 

can supply information on roads to the drivers in order to 

make driving safe and easier.  It will become widespread in 

the very near future, creating a notable change to human lives 

[1]. The enormous safety, suitability, and trade possibilities of 

VANETs are the causes of VANET's spread. VANETs are 

simply multi-agent wireless networks that are constructed to 

solve traffic issues by allowing vehicles to communicate 

together [2]. It provides wireless communication among 

vehicles by using a dedicated short-range communication 

(DSRC), which is essentially improved by IEEE 802.11a, and 

Long Term Evolution (LTE) [3]. Each vehicle contains an 

on-board unit (OBU) sensor to connect with the nearby 

vehicles or Road Side Unit (RSU) if it is the CH according to 

its coverage area and function. There are many models built to 

implement, support, and improve VANET  [4], [5]. 

    However, there are many issues in VANET, such as 

efficient data dissemination, network scalability, and stable 

network topology. In order to study VANET's behavior and 

evaluate its performance, the clustering technique must be the 

first step to control its changeable topology and to build a 

meaningful group of vehicles, as shown in Figure 1. The 

clustering technique contains three phases: cluster creation, 

cluster head (CH) selection, and cluster maintenance. Most of 

the related studies have focused on the second phase (CH 

selection) of any clustering process, while very few studies 

considered the last phase (cluster maintenance). The stability 

of vehicle clusters has a high impact on VANET performance 

[3]. The motivations behind clusters stability prediction are 

related to the nature of VANET, such as dynamic changes in 

topology, high speed, and frequent disconnection in networks. 

In addition, the cluster head (CH) stability plays a crucial role 

in network scalability and robustness. The stable clusters refer 

to good performance metrics and QoS. Most of the 

researchers focused on CH selection methods to improve the 

stability of the clustering process. The researchers used the 

performance metrics to evaluate the cluster stability 

depending on CHs selection process, CHs duration, and CHs 

lifetime [4].   In this study, the cluster stability is measured 

and evaluated depending on the stochastic process 

(Birth-Death process), using the probability of losing or 

winning one vehicle in each cluster. The process is modeled 

using a proposed mathematical model to estimate the stability 

of clusters by means of a set of assumptions derived from 

probability [5].  

       In this new approach, the problem is modeled by 

estimating the joining and leaving vehicles to/from the 

clusters. Joining and leaving happen through the third phase 

(maintenance phase) of each clustering process. In a highway 

scenario, the frequent disparity among vehicles' speeds causes 
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many vehicles to leave their clusters and/or join the new 

clusters [5]. For example, the slowest vehicle in the current 

cluster will leave its cluster and join the nearest suitable 

cluster according to coverage area, as shown in Figure 1. The 

vehicles in VANETs are supported by using DSRC to 

communicate with each other in the cluster range to achieve 

the low latency requirement. This includes safety and control 

messages among vehicles in each cluster, and LTE to 

communicate among CHs and RSUs. The communication 

types are either Vehicle to Vehicle (V2V), or with the 

infrastructure Vehicle to Infrastructure (V2I). Another case 

involves Infrastructure to Infrastructure (I2I), whereby RSU 

sends a message to another RSU [4]. 

   This paper is organized as follows: Section II presents the 

related works, section III reviews theoretical background and  

its details, and section IV contains the methodology. Section 

V contains the results and discussions, and section VI refers to 

the conclusions and future works. 

 
Figure 1. Leaving and Joining in VANET 

 

II.  Related works 
        In VANET, the clustering algorithms have been 

evaluated in many studies according to the cluster head 

efficiency, cluster member’s efficiency, cluster head duration, 

cluster member duration, cluster head lifetime, cluster 

member’s lifetimes, and the number of clusters. Table 1 

presents the recent related works that evaluate cluster stability 

depending on many different performance metrics. This study 

systematically summarizes the most related works by 

referring to the clustering algorithm title, type of environment, 

performance metrics, and the used simulator. 

Reference Year Scenario Clustering 

algorithm 

Performance metric Simulator 

[6] 2017 Highway Chain-Branch-L

eaf (CBL) 

Number of  Chains, Branch/Chain, Branch time, Leaf 

time, Leaf/VANET 

Matlab 

[7] 2019 Highway passive 

multi-hop 

clustering 

algorithm 

(PMC) 

cluster head duration time 

cluster members duration time 

cluster head changes 

Cluster overhead 

NS2 

[8] 2019 Highway Novel 

Clustering 

algorithm 

CH lifetime, CM lifetime, Number of changed states, 

Control Packet Overhead, CH Alienation, Vehicle 

Alienation Time, Cluster Formation Rate 

NS3 

[9] 2019 Highway Connected 

Dominating Set 

and Set Cover 

(CDS-SC) 

Cluster stability, number of members per cluster, Cluster 

head density, Cluster state distribution, Packet delivery 

ratio 

Netsim 

[10] 2020 Random High Degree 

Clustering  

algorithm 

(HDCA) 

PDF, Throughput, Lost packet number, Dead node 

number 

Netlogo 

[4] 2020 Random QoS and 

monitoring of 

malicious 

vehicles (QMM) 

Packet delivery ratio, Throughput, E2E delay, Packet lose NS2 

[11] 2020 Random Multi-Agent Cluster  formation  time, Cluster  lifetime, cluster head NS2 
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based Stable 

Clustering 

(MASC) 

selection time, Packet data lose, throughput 

Table1. Summary of related works 

 

III.  Theoretical background  

      Prediction in VANET is important to suggest any 

clustering algorithms. It is also important in controlling and 

evaluating the VANETs behavior. Many tools can be utilized 

in this field such as probability, randomness, and stochastic 

processes [12] 

 

A.    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 delay. 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 (ITS). 

The movement in VANET is more regular than 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 by a 

Global Position System (GPS) in order to provide continuous 

future information about location. However, the GPSs 

information is not accurate in all conditions, as in covered 

streets it may not be as effective. To predict the future 

deployment of VANET, it may depend on the vehicle speed, 

direction, and current location. The clustering approach is an 

important step to deal with VANET in order to control its 

behavior and predict it. Therefore, the proposed system is 

applied to the clustered network to predicate the stability of 

clusters, so as to predict the network 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 [13],[14].  

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

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

one of the efficient tools in VANET prediction.  

B.  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). 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. 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 [15], [16], [17], . 

 

IV.  Network Model 

        In this paper, the proposed system is applied to the 

environment of [18]. In this section, the environment and 

clustering approach are clarified. The Highway scenario was 

selected to apply a developed clustering process. The road 

segment length is 4 Kilometer. Different network sizes are 

selected, namely (50, 80, and 100) vehicles. The clustering 

approach is performed as follows: the cluster formation is 

formed as center based clustering by grouping the vehicles 

which fall within a distance equal to or less than the Dedicate 

Short Range Communication (DSRC). There are many Road 

Side Units (RSUs) distributed along the road segment to 

manage the clustering process, each of which covers 1 

Kilometer. The CH selection depends on the speed of nodes. 

The vehicle which has the nearest speed to the average speeds 

of vehicles in the current cluster was selected as a cluster head. 

The CHs stability, CHs duration, CMs stability, CMs duration, 

and CHs lifetime versus CMs lifetimes have been calculated 

as performance metrics. The clustering method was a 

non-overlapping clustering method. More details are found in  

[18].  

 

V.   Methodology 

        Regarding the scenario in this paper, after the clustering 

algorithm has been applied in VANET, each cluster is 

composed of many vehicles. For each cluster, after a short 

time interval called ∆tm has been passed, there are three 

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

cluster decreasing by one only. As shown in Figure 2, the 

cluster increases one vehicle (Joining) in two cases, either 

from forward or from backward. The forward increment 

comes from a lagged slow vehicle joining the current cluster. 

The backward increment comes from a new hurried vehicle 
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joining the cluster. The cluster decreases one vehicle (Leaving) 

in two cases, either from forward or from backward. The 

forward decrement comes from a fast vehicle in the current 

cluster leaving it. The backward decrement comes from a 

slow vehicle in the current cluster lagging.  

     When the consecutive time intervals are passed and the 

number of vehicles remains the same in their clusters, it 

reflects an indication of good stability. The previous three 

cases are modeled and studied in detail. Figure 3 represents 

the Markov chain approach for vehicle clustering. The hall 

state space for such a process shows only the possible states in 

a state-space case for vehicles in a cluster, only three cases can 

happen to each cluster after a very short time period. These 

states probabilities are: no changing (n), New vehicle joins to 

the cluster (n+1), and the cluster losing one vehicle (n-1). 

Each case has a probability according to the new event (E).  

The transition  (A) means either joining from forwarding or 

backward, the transition (D) means leaving either forward or 

backward. The algorithm in Figure 3 summarizes the 

mathematical model and presents all the leaving and joining 

possibilities based on the birth-death process. 

 
Figure 2.  Proposed system flow chart 

 

Figure 3.  Vehicles State diagram in a cluster 

Algorithm Leaving and Joining  

Input: NUM_OF_CLU, speeds of vehicles. 

Output: Updated clusters  

Begin 

1: set i=1 

2: Repeat 

3: For each (clusteri) 

3.1: Set MEMBERS= number of vehicles in (clusteri)       

3.2: Sort vehicles ascending order according to the speed and save in array SPEED_ARRAY[] 

3.3: Set MIN_VE =  ID(SPEED_ARRAY[0]) 

3.4: Set MAX_VE =  ID(SPEED_ARRAY[MEMBERS]) 

3.5: Join MAX_VE to the cluster i+1 

3.6:  Leaving MIN_VE  to the cluster i-1 

3.7: Else go to 4  

4: set i= i+1 

5: Until i > NUM_OF_CLU 

End 

Figure 4. Leaving and Joining algorithm 

Notation Description ∆tm Time interval 
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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  

Table 2. Abbreviation of symbols 

 

The below assumptions must be taken with respect to 

abbreviations in table 2: 

1: The joining probability at the interval time (tm + ∆tm) in 

both cases from forward or backward can be modeled in (1) (2)  

as: 

Pn (tm + ∆tm )= Jforward ∆tm + O(∆tm)                 (1) 

Pn (tm + ∆tm )= Jbackward ∆tm + O(∆tm)               (2) 

 

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

both cases forward and backward  can be modeled in (3)(4) as: 

Pn (tm + ∆tm )= Lforward ∆tm + O(∆tm)                (3) 

Pn (tm + ∆tm )= Lbackward ∆tm + O(∆tm)              (4) 

 

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

same time is zero, as shown in (5). 

Pn+z , z >1 (tm + ∆tm ) = 0 + O(∆tm)                      (5) 

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

tm. After passing  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. 

The final equation can be derived by cummulating all the 

possible probabilities as shown in (6). Eq. 6 can be used to 

find the stability of a cluster by predicting its number of 

vehicles in any time: 

Pn(tm + ∆tm) =  Pn (1- Jf.orward ∆tm) (1- Jbackward ∆tm) (1- Lforward 

∆tm) (1- Lbackward ∆tm) + Pn+1 (Jforward ∆tm) (1- Lforward ∆tm) (1- 

Lbackward ∆tm) (1- Jbackward ∆tm) (Jbackward ∆tm) (1- Lforward ∆tm) 

(1- Lbackward ∆tm) (1- Jforward ∆tm) + Pn-1 ((Lforward ∆tm)  (1- 

Jforward ∆tm) (1- Jbackward ∆tm) (1- Lbackward ∆tm) (Lbackward ∆tm) 

(1- Jforward ∆tm) (1- Jbackward ∆tm) (1- Lforward ∆tm ) + O(∆tm)                                                                                                                   

(6) 

To show the expected value of eq. 6, the following example is 

suggested:   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 tm = 1second. Predict the 

stability of the current cluster after ∆tm. 

Solution:  According to eq.6 : 

Pn(tm, tm + ∆tm) = p5(1) * (1- 0.004) * (1- 0.006) * (1 – 0.003) 

* (1 – 0.007)   + p6 (1) * (0.004) * (1 – 0.003) * (1 – 0.007)  * 

(1 – 0.006)  + p6(1) * (0.006) * (1 -0.003) * (1 – 0.007) * (1 – 

0.004)   + p4(1) * (0.003) * (1 – 0.004) * (1 – 0.006) * (1 – 

0.007) +p4(1) * (0.007)  * (1 – 0.004)  * (1 – 0.006)  * (1 – 

0.003)   

Pn(1, 1 + 0.01 ) = 0.98014455 + 0.00393632 + 0.00591637 + 

0.00294928 + 0.00690938  

                      = 0.9998559  

       From the previous example, the value of the probability is 

very high (0.999) wich gives an indication about the stability 

of the created clusters in this study.  

VI.  Results and Discussions  

        In the previous paper [18], the highway clustering 

algorithm has been designed and applied in different 

environments. The proposed system is applied in the 

environment of [18]. 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. 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. 

The other results are taken from [18]. 

    Figure 5  refers to the effects of changing clusters radius 

with the number of clusters in three traffic types, low, medium, 

and high, whereby the numbers of vehicles are 50, 80, and 100 

respectively. The figure indicates the number of vehicles in 

clusters increases whenever the DSRC increases.                 

    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 
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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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Cluster size changing  vs Number of clusters

low Traffic

medium Traffic

High Traffic

 
Figure 5. The average number of clusters with changing cluster size 

  

       Table 3 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.   

 

Random clusters 
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+
∆
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+
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∆
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∆
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tm
+
2
0
∆
t
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A
vera

g
e 

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 2.857142857 0.377964473 

cluster 4 3 3 3 3 3 2 2 2.714285714 0.487950036 

cluster 5 5 6 6 7 7 7 8 6.571428571 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 3.571428571 0.534522484 

cluster 10 3 3 3 3 3 3 2 2.857142857 0.377964473 

cluster 11 2 2 2 2 2 2 1 1.857142857 0.377964473 

cluster 12 2 2 2 1 1 1 2 1.571428571 0.534522484 

Table 3. Number of vehicles in 12 cluster when ∆tm=4 and network size=50 

 

Figure 6 represents the graphical representation of the 

created data from the case in Table 3. 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. 

 

The other two cases, the medium traffic (80) with 12  clusters 

and the high traffic (100) with 12 clusters, are presented in 

Figure 7 from Table 4  and Figure  8 from Table 5, 

respectively. 

       Figure 7 represents a graphs of s 12 random samples of 

these clusters to evaluate the stability when the traffic is 

medium (80 nodes) with different 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. 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. 

        When the traffic is high, as shown in Figure 8, 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. The others either 

remained stable (S) without change or contained consecutive 

leaving and joining with sequential times. 
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Figure 6. Number of vehicles in 12 cluster when ∆tm=4 and 

network size=50 

 

 
Figure 7. Number of vehicles in 12 cluster when ∆tm=4 and 

 network size=80 

 

 
Figure 8. Number of vehicles in 12 cluster when ∆tm=4 and 

network size=100
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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 2.571428571 0.534522484 
cluster 4 2 2 2 3 4 4 4 3 1 

cluster 5 5 5 5 4 4 4 4 4.428571429 0.534522484 

cluster 6 1 2 2 2 2 2 2 1.857142857 0.377964473 

cluster 7 2 1 1 1 1 1 1 1.142857143 0.377964473 
cluster 8 2 3 4 4 4 4 4 3.571428571 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 1.571428571 0.786795792 

Table 4. Number of vehicles in 12 cluster when ∆tm=4 and network size=80 
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Random clusters tm tm+∆tm tm+4∆tm tm+8∆tm tm+12∆tm Average STD 

cluster 1 6 6 6 6 6 6 0 

cluster 2 5 5 4 4 4 4.4 0.547722558 

cluster 3 2 2 3 3 3 2.6 0.547722558 

cluster 4 4 4 4 4 4 4 0 
cluster 5 5 4 5 5 5 4.8 0.447213595 

cluster 6 3 3 3 2 2 2.6 0.547722558 

cluster 7 1 2 1 1 2 1.4 0.547722558 

cluster 8 2 2 2 3 2 2.2 0.447213595 
cluster 9 2 2 2 2 3 2.2 0.447213595 

cluster 10 2 2 1 2 3 2 0.707106781 

cluster 11 2 2 2 2 1 1.8 0.447213595 

cluster 12 1 1 2 3 1 1.6 0.894427191 

Table 5. Number of vehicles in 12 cluster when ∆tm=4 and network size=100 

 

VII.    Conclusions and Future works 

      The key challenge in VANET is its dynamic nature. 

The frequently changing topology requires accurate and 

significantly modified techniques to be valid for such 

environments. The most considerable technique in 

controlling and evaluating any VANET is the clustering 

approach. In this paper, a new modified method is proposed 

to predict the stability of VANET’s clustering. Various 

experiments were designed and implemented in highway 

scenarios. The Markov model was utilized with the 

stochastic birth-death process to present, observe and 

model the joining and leaving vehicles from/to each cluster. 

These events are utilized to predict cluster stability. When 

the number of vehicles in each cluster remains unchanged 

or slightly changed during different successive times, the 

cluster can be considered as a stable cluster. The results 

showed that 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. As for 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 as used in [19]. 
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