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Currently, communications in the vehicular ad hoc network (VANET) can be established via both Dedicated Short Range
Communication (DSRC) and mobile cellular networks. To make use of existing Long Term Evolution (LTE) network in data
transmissions, many methods are proposed to manage VANETs. Grouping the vehicles into clusters and organizing the network by
clusters are one of the most universal and most efficacious ways. Since the high mobility of vehicles makes VANETs different from
other mobile ad hoc networks (MANETs), the previous cluster-based methods for MANETs may have trouble for VANETs. In this
paper, we introduce a center-based clustering algorithm to help self-organized VANETs forming stable clusters and decrease the
status change frequency of vehicles on highways and two metrics. A novel Cluster Head (CH) selection algorithm is also proposed
to reduce the impact of vehicle motion differences. We also introduce two metrics to improve the security of VANETs. A simulation
is conducted to compare our mechanism to some other mechanisms. The results show that our mechanism obtains high stability
and lower packet loss rate.

1. Introduction
As a key component of Intelligent Transportation Systems
(ITS), vehicular ad hoc network (VANET) has attracted
plenty of researchers from different fields, and massive
research efforts have been made.
In VANETs, there are two types of communications [1].
VANETs enable both vehicle-to-vehicle (V2V) communications and vehicle-to-infrastructure (V2I) communications. In
VANETs, vehicles and the infrastructures, such as Roadside
Units (RSU) and application servers, exchange information
for navigation, safe driving, entertainment, and so on.
Generally, communications in VANETs are roughly categorized into two classes according to the adopted radio
interfaces. One class of approaches is based on Dedicated
Short Range Communication (DSRC). The other class is
based on existing cellular technology [2].
DSRC began to be used for V2V communication from
the 90s. It has a shortage in medium range, which is about
300 meters. It is inadequate for large-scale deployment

[3] because its coverage radius is not large enough. With
the rapid improvement of mobile cellular networks, some
researchers supposed to utilize the existing mobile cellular infrastructures and technologies for communications in
VANETs. Mobile cellular networks provide wider and larger
coverage, while their delay is longer than DSRC for realtime information exchanges in local areas [4]. Therefore, both
DSRC and mobile cellular networks cannot fully meet the
needs of ITS. As a result, VANETs support communication
not only via LTE but also via DSRC.
To make use of existing mobile cellular networks for
data transmissions, many methods are proposed to manage VANETs. However, if VANETs are fully managed by
infrastructures, low efficiency will be a big issue, while
fully decentralized VANETs must create a lot of overhead.
Therefore, VANETs usually combine some centralized parts
and decentralized parts. To decrease the overhead via DSRC
channels and the probability of LTE channel congestion,
VANETs are centralized by cellular-based connections and

2
scheduling. Meanwhile, vehicles may also exchange messages
with their neighbors via DSRC. Dividing vehicles into clusters
is a common and reasonable approach for VANETs management. In a cluster-based framework, vehicles are signed
into clusters. The range of a cluster is smaller or equal to
the range of 802.11p, so that vehicles in the same cluster
can exchange messages via DSRC. A single eNodeB manages
many clusters around it. Within a cluster, at least one vehicle
performs as a Cluster Head (CH) to collect information of
all Cluster Members (CM) via DSRC and exchanges data
with the eNodeB via TLE. This architecture decreases the
management overhead while utilizing both DSRC and LTE.
Compared to other MANETs, nodes in VANETs have
higher mobility and higher speed. Cluster reforming and
CH changing must be much more frequent than other
typical MANETs. To decrease the management overhead and
increase communication quality, the clustering algorithm for
VANETs should be able to form stable clusters. To achieve this
goal, in this paper we propose a stable clustering algorithm for
VANETs. We propose a novel approach to form and maintain
stable clusters for VANETs on highways to avoid continual
cluster reforming. A center-based clustering algorithm is
used to locate the initial clusters’ centers. In every cluster,
a suitable CH is chosen by vehicles’ position, speed, and
maximal acceleration. A cluster maintenance algorithm is
proposed to keep CMs in its CH’s transmission range.
The rest of the paper is organized as follows. The Related
Work briefly reviews the current literature on clustering
algorithms in VANETs. The proposed scheme is detailed in
the Proposed Scheme. The simulation parameters, simulation
results, and analysis are shown in the Performance Evaluation. In the Conclusion, we state the conclusion.

2. Related Work
In the literature, clustering is the process to group vehicles in
VANETS.
Ref. [5] proposes a method, named LTE4V2X, to organize vehicular networks. In the centralized vehicular networks, eNodeB manages vehicles in its coverage and divides
them into clusters. LTE4V2X protocol defines how the selforganized network works. In LTE4V2X, eNodeB creates clusters which contain the largest number of nodes circulating in
the same direction.
Ref. [6] extends LTE4V2X to increase information dissemination efficiency. It selects CH by the distance from
vehicles to eNodeB. Although, comparing to the original
approach, the complexity is lower and the LTE channel quality is higher, the power consumption of message exchanging
is not optimized. Nevertheless, [6] states that the system
can calculate the transmit power of DSRC channels by the
distance between vehicles so that the transmit power could
be dynamically adjusted.
Road condition affects the speed and direction of vehicles.
For example, vehicle’s speed is lower on the bumpy road than
a smooth road. Vehicle mobility is determined by human
behavior. Take a street connected megapolis and a village as
an example. In the morning, most vehicles move from the
village (home) to the megapolis (office). In the evening, most
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vehicles run following the reverse path. Ref. [7] quantifies
temporal locality similarity to measure the relation of two
vehicles’ mobility. Then, they utilize the relation of vehicles’
movements to form stable clusters. The locality can also be
used for reducing energy consumption [8].
Ref. [9] proposes a clustering approach to minimize the
total power consumed by DSRC communications. They use
a weighted distance matrix to indicate power consumed
between each pair of vehicles. In this way, the CH selection
problem is formulated as a variant of the p-median problem
in graph theory [10]. In this approach, the number of clusters
𝑝 is determined first based on LTE coverage radius and
DSRC coverage radius. The 𝑝 cluster zones are determined by
vehicle number and 802.11P coverage radius. p Cluster Heads
that are closet to the eNodeB are selected. Then, the system
dynamically selects new CH to minimize the transmission
power between CMs and CH based on weighted distance and
the p-median issue in graph theory. Although this approach
minimizes the power consumption within a single cluster, the
power consumption of V2I communications has not been
considered. The method to decide the zones is vague and
complicated. Moreover, this approach is not suitable for the
scenario that CMs not only send their information to CH but
also communicate among themselves.
Ref. [11] proposes a high-integrity file transfer scheme
for VANETs on highways named Cluster-based File Transfer
(CFT) scheme. In this scheme, CMs help their CH to
download file fragments and then transmit fragments to
the CH which requests the file. Since the very high speed
of vehicles on highways, CFT is a good approach to help
the vehicles download files which they have not enough
connection time to download. However, CFT just considers
the bidirection environment. In addition, with CFT CH
broadcasts its request to its neighbors; then, neighbors that
receive the invitation join the cluster and broadcast the
request to invite more vehicles to join the cluster until
there are enough vehicles. Therefore, CFT may not able to
apply in complicated environment, and it may cause network
congestions.
Ref. [12] proposes an evolutionary game theoretic (EGT)
framework for clustering and CH selecting. Their protocol
is based on game theory. They defined the net utility of a
CH to select the CH which may achieve high throughput. A
cluster size is added in the utility function for CH to optimize
the size of a cluster. Ref. [13] proposes an intelligent naive
Bayesian probabilistic estimation practice (ANTSC) method.
This method is based on the traffic flow. To increase the
stability of cluster, a CH must be in the lane having the
heaviest traffic flow. Naive Bayes algorithm is used to select
the CH which may make the cluster most stable. However,
[12] just compared the EGT clustering with one clustering
algorithm proposed in 2010. Both [12, 13] did not consider
the security of the network.

3. Proposed Scheme
3.1. Overview and Assumption. Clustering algorithm groups
a set of unlabeled nodes into clusters. In cluster-based
VANETs, all vehicles send their information to eNodeB.
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into clusters with the help of blob detection method or an
improved high-degree algorithm. Some parameters, such as
speed and acceleration, are added to the CH selection metric
to make the cluster stabler and decrease the CH reselection
frequency.
3.2. Cluster Formation. In our proposed algorithm, in the
initialization stage of cluster formation, vehicles send beacon
messages to the eNodeB. The beacon message of one vehicle
contains the vehicle’s ID k, current position (𝑥𝑘 , 𝑦𝑘 ), current
speed V𝑘 , maximal acceleration 𝑎𝑘 , and direction type 𝑡𝑘 .
Direction type is decided by the angle from the current
position to the destination. For vehicle k, whose destination
position is (𝑥 𝑘 , 𝑦 𝑘 ), the direction angle 𝜃𝑘 is
𝜃𝑘 = tan−1

eNodeB

CH

CM
LTE
802. 11P

Figure 1: Communications within one cluster.

Then, eNodeB manages the vehicles by clusters. A CH acts as
a messenger to help eNodeB and CMs exchange information.
We assume all vehicles are able to communicate via both
LTE and DSRC. The size of cluster is smaller or equal to
the range of 802.11p, so that vehicles in the same cluster
can exchange messages via DSRC. DSRC coverage radius is
about 300 meters. LTE coverage radius is about 1 kilometer.
Therefore, a single eNodeB manages many clusters around it.
Within a cluster, a vehicle acts as a CH to collect information
of all CMs via 802.11p and exchanges data with the eNodeB via
TLE. Figure 1 is a simplified view of a cluster-based vehicular
network.
For cluster in this paper, we have some assumptions:
(1) All vehicles have both LTE and 802.11p interfaces
(2) All vehicles are equipped with Global Positioning
System (GPS) devises. So, they have accurate geolocations
(3) All vehicles know their destination, speed, and maximal acceleration
Based on the assumptions, we propose a center detection
based clustering algorithm. We group the vehicles in the
region where the density of vehicles is higher than other areas

𝑦 𝑘 − 𝑦𝑘
𝑥 𝑘 − 𝑥𝑘

(1)

When 𝜃𝑘 ∈ [0∘ , 90∘ ), 𝑡𝑘 = 1. When 𝜃𝑘 ∈ [90∘ , 180∘ ), 𝑡𝑘 = 2.
When 𝜃𝑘 ∈ [180∘ , 270∘ ), 𝑡𝑘 = 3. When 𝜃𝑘 ∈ [270∘ , 360∘ ), 𝑡𝑘 =
4. Vehicles that have different 𝑡 are managed, respectively.
The clustering algorithm is described in Algorithm 1.
After receiving the beacon messages, the system analyzes
vehicles’ position information and detects the centers of the
ranges where the vehicle density is higher than in other
areas. If the vehicle quantity or the vehicle density is not
very large, an improved Highest-Degree Algorithm is applied.
Several vehicles which have more neighbors in their transmit
range are detected. We improve the original Highest-Degree
Algorithm to make sure the distance between any two
vehicles we detected is larger than the DRSC range. The
positions of detected vehicles will be the centers we use
in the clustering algorithm. Otherwise, when the vehicle
quantity and the vehicle density are very large, to decrease the
computing complexity and analyze time, the system draws
dots on the map to indicate vehicles. Then, we can carry out
the blob detection. The blob detection is able to detect the
regions where the gray pixel value is greater. Thus, we can use
the blob detection algorithm, e.g., [14], to detect the centers
of regions on the map where dot density is higher.
All vehicles whose distances to the center are not larger
than the range of DSRC are labeled as one cluster. Then,
the system selects one nearest intersection for every center
among all intersections that meet the following conditions:
(1) The distance from it to the points in 𝑃 is not smaller
than the range of DSRC
(2) The intersection is not in any cluster’s region
Vehicles near those selected intersections are grouped into
clusters. Then, eNodeB uses the same way to select intersections near the selected intersections and groups vehicles.
After iterations, ungrouped vehicles are grouped into clusters.
The distance between two vehicles in the same cluster is
not larger than the range of DRSC. To further decrease
computing complexity, in line 8 of clustering algorithm, a
vehicle or infrastructure located in the center or intersection
can broadcast a request to invite neighbors to join the cluster.
In line 37, the chosen vehicle 𝑒 can broadcast an invitation
instead of calculating distance by the system.

4

Wireless Communications and Mobile Computing

Input: Vehicle set V
Output: Initial clusters
1 Initialize center set C = 𝜙;
2 Locate the centers and add them into 𝐶;
3 Initialize point set 𝑃= 𝐶;
4 while 𝑃 ≠ 𝜙 do
5
foreach point 𝑝 in 𝑃 do
6
Initialize node set clusterp = 𝜙;
7
foreach vehicle e in 𝑉 do
8
if dep ≤ 𝑅 then
9
Add 𝑒 into clusterp ;
10
Remove 𝑒 from 𝑉;
11
end
12
end
13
if clusterp ≠ 𝜙 then
14
Call Algorithm 2;
15
Return set clusterp ;
16
Estimate Stc of the CH 𝑐 of clusterp ;
17
if Stc is remarkable high then
18
Check all nodes in clusterp to detect attacker;
19
end
20
else
21
𝑐 check 𝑆𝑎 value of each CM;
22
if Sam is remarkable high then
23
Report to the server;
24
end
25
end
26
Add the intersection nearest to 𝑝 which meets the conditions into 𝑃;
27
end
28
Remove 𝑝 from 𝑃;
29
end
30 end
31 while V ≠ 𝜙 do
32
foreach point c in C do
33
Select an element e in V nearest to c;
34
Initialize set clustere = {𝑒};
35
Remove e from V;
36
Set e as CH;
37
foreach vehicle v in 𝑉 do
38
if 𝑑𝑒V ≤ 𝑅 then
39
Add V into clustere ;
40
Remove V from 𝑉;
41
end
42
end
43
Return clustere ;
44
Estimate Stc of the CH e of clustere ;
45
if Stc is remarkable high then
46
Check all nodes in clustere to detect attacker;
47
end
48
else
49
c check 𝑆𝑎 value of each CM;
50
if Sam is remarkable high then
51
Report to the server;
52
end
53
end
54
end
55 end
Algorithm 1: Clustering algorithm.
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3.3. Cluster Head Selection. Compared to other MANETs,
VANETs have lower stability, because of the high mobility
of vehicles. Although we divide the vehicles with the help of
V , the stability of clusters cannot be guardirection vector →
𝑘
anteed. To select an appropriate CH which can increase the
cluster lifetime and decrease the CH reselecting frequency, a
relative mobility metric 𝑀 is introduced for CH election.
For a vehicle k, which is in the cluster clusteri , the position
difference between it and all other 𝑁 vehicles in the same
cluster clusteri is
𝑁

2

𝐷𝑘 = ∑ √(𝑥𝑘 − 𝑥𝑛 ) + (𝑦𝑘 − 𝑦𝑛 )

2

(2)

𝑛=1

The speed difference between 𝑘 and all other 𝑁 vehicles in the
same cluster is
𝑁



𝑉𝑘 = ∑ V𝑘 − V𝑛 

(3)

𝑛=1

The maximal acceleration difference between 𝑘 and all other
𝑁 vehicles in the same cluster is
𝑁



𝐴 𝑘 = ∑ 𝑎𝑘 − 𝑎𝑛 

(4)

𝑛=1

The relative mobility metric 𝑀 is
M𝑘 = 𝛼

𝑉𝑘
𝐷𝑘
+𝛽
max {𝐷𝑛 | ∀𝑛 ∈ 𝐶𝑖 }
max {𝑉𝑛 | ∀𝑛 ∈ 𝐶𝑖 }

𝐴𝑘
,
+𝛾
max {𝐴 𝑛 | ∀𝑛 ∈ 𝐶𝑖 }

Input: Vehicles in one cluster
Output: Cluster head o of the corresponding cluster
1 Set M𝑚𝑖𝑛 = +∞;
2 foreach vehicle 𝑘 do
3
Calculate the relative mobility metric M𝑘 ;
4
if 𝑀𝑘 < 𝑀𝑚𝑖𝑛 then
5
M𝑚𝑖𝑛 = M𝑘 ;
6
𝑜 = 𝑘;
7
end
8 end
9 return o;
Algorithm 2: Cluster head selection algorithm.

reforming, we propose a cluster maintenance algorithm.
Algorithm 3 explains the cluster maintenance process.
(1) No Connections between CH and CM. When a CH cannot
connect to a CM, the CH will delete the CM from its record
and notice eNodeB. When a CM cannot reach its CH, the CM
will check the signal it received via DSRC and join the cluster
whose signal of CH is strongest. If the CM cannot receive a
message strong enough, it will notice eNodeB via LTE and
become a CH.
(2) No Connections between eNodeB and CH. When eNodeB
notices it has lost connection to a CH, it recalls Cluster Head
Selection Algorithm and a new vehicle will be CH of that
cluster instead of the leaving vehicle.

(5)

where 𝛼, 𝛽, and 𝛾 are weighted coefficients. 𝛼+𝛽+𝛾 = 1. They
can be adjusted to fit the different traffic conditions. When
the traffic condition is good and all vehicles are driving at
a similar speed, the distance between vehicles has a greater
effect. Thus, the value of 𝛼 should be higher than the other
two. When vehicles are driving at high speed, the value of 𝛽
is higher than the other two. When the vehicles enter an area
which speed limit changes continually, a higher 𝛾 should be
considered.
The relative mobility metric 𝑀 evaluates the relative position, speed, and maximal acceleration differences between
one vehicle and all other vehicles in the same cluster. A
smaller 𝑀 indicates the vehicle has lower relative mobility
than other vehicles in this cluster. Algorithm 2 explains the
process of Cluster Head selection. All clusters formed with
the help of centers and intersections use Algorithm 2 to select
CH. As a CH, the vehicle’s relative mobility metric is smaller
than any CMs. That means the motion mode of CH is similar
to the whole cluster.
3.4. Cluster Maintenance and Reforming. The unpredictability and mobility of traffic make the cluster lifetime temporary.
It is infeasible to reform clusters in real time or very frequently. To minimize the frequency and overhead of cluster

(3) A Vehicle Joins the Network. When a vehicle comes
into the network, it first tries to join the nearest cluster by
broadcasting a CH request via DSRC. If it fails, it will send
a message to eNodeB. eNodeB will help the vehicle to join a
cluster or to be a CH and form a new cluster by itself.
(4) Two Clusters Are Too Close. With the movement of the
vehicles, two clusters may be very close. When the distance
between two CHs is shorter than 𝑅 for a period Δ𝑡, the
two clusters are merged into one cluster. The Cluster Head
Selected Algorithm is recalled. A new CH for the new
cluster is selected. Then, all vehicles, which are out of the
transmission range of the new CH, leave this cluster and
check the invitation signal they have received via DSRC and
join the cluster whose signal of CH is the strongest. If a vehicle
does not find a cluster to join in, it notices eNodeB via LTE
and becomes a CH.
3.5. Security Mechanism. To further improve the VANETs
security and availability, a novel security mechanism is
proposed to detect malicious nodes.
In clustered networks, the availability and security of
CHs are incredibly crucial. CHs help the servers to collect
and transmit messages to CMs. If an attacker wants the
access to other vehicles’ private information, it should acts
as a CH. The most common and most executable method
for an attacker to be selected as a CH is launching a

6
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Input: Initial clusters and vehicle set V
Output: New clusters
1 if the eNodeB can not reach a CH then
2
Call Cluster Head Selection Algorithm;
3 end
4 if the CH can not reach a CM then
5
Reomve the CM;
6
Notice eNodeB;
7 end
8 if the distance between two CHs ≤ 𝑅 for a period Δ𝑡 then
9
Merge the two clusters into one cluster;
10
Call the Cluster Head Selected Algorithm;
11
Check 𝑆𝑡 values of new CHs;
12
New CHs check 𝑆𝑎 values of their CMs;
13 end
14 if a CM can not reach the CH then
15
if it can receive a signal from CHs then
16
Join the cluster whose signal of CH is strongest;
17
CH check its 𝑆𝑎 value;
18
end
19
else
20
Notice eNodeB;
21
The node performs as a CH;
22
end
23 end
Algorithm 3: Cluster maintenance algorithm.

Sybil attack. In a Sybil attack, the vehicle controlled by a
malicious attacker presents multiple identities (vehicles), and
all of the vehicles have similar directions, positions, speeds,
and maximal acceleration. Hence, these vehicles must have
higher relative mobility metrics and higher probabilities to
be selected as CH.
To protect the CMs’ privacy, we introduce a trajectory
similarity metric 𝑆𝑡 to defend Sybil attacks. For a cluster
contains 𝑁 nodes, the trajectory similarity metric of its CH
𝑐 is
𝑆𝑡𝑐 =

Δ𝑡𝑖
1 𝑁−1
∑(
),
𝑁 − 1 𝑖=1 𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒𝑖

(6)

where Δ𝑡𝑖 is the duration of both 𝑐 and node 𝑖 that belong
to the same cluster, and lifetimei is the lifetime of 𝑖 in this
network. Every time a CH is selected, the server estimates
its trajectory similarity metric. If one CH has a remarkable
higher trajectory similarity metric, the server will check all
nodes in the cluster to detect the malicious attacker.
A denial-of-service attack (DoS attack) is another common attack in VANETs. In DoS attack, the attacker floods
the CH or server to make the network services unavailable.
The connections of authenticated vehicles to the network
are temporarily broken. Therefore, the legitimate requests of
server and authenticated vehicles cannot be actioned.
To protect the network availability, we introduce an
activity similarity metric 𝑆𝑎 to detect DoS attacks. For a

vehicle 𝑚 that belongs to a cluster containing 𝑁 nodes, the
activity similarity metric is
𝑆𝑎𝑚 =

∑𝑁−1
𝑖=1 𝑝𝑖 − 𝑝𝑚
∑𝑁−1
𝑖=1 𝑝𝑖

⋅

𝑁
,
𝑁−1

(7)

where 𝑝𝑖 is the number of requests between vehicle 𝑖 and
CH 𝑐 during a period of time Δ𝑡; 𝑝𝑚 is the number of
requests between vehicle 𝑚 and CH 𝑐 in the same time period.
The higher the activity similarity metric, the greater the
proportion of requests of vehicle 𝑚 in all the requests of this
cluster. If one CM has a remarkable higher similarity metric,
the CH will regard it as a DoS attacker and report to the server.
Meanwhile, the sever can also use activity similarity metrics
to detect DoS attack from CHs.

4. Performance Evaluation
4.1. Simulation Parameter. We perform the simulation with
the help of Veins LTE. Veins LTE is a simulator developed on
Veins [15], which is an open source framework for simulation
of vehicular networks based on both IEEE 802.11p and LTE.
It integrates a network simulator named OMNeT++ and
a traffic simulator named Simulation of Urban MObility
(SUMO) [16].
In our experiment, vehicles run on a real map of Washington, DC, USA, obtained from OpenStreetMap [17]. We
extract the data of highways in the center of Washington, DC.
The total length of road is 30.38 km. The total lane length is
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In the experimentation, we compare the four metrics of the
three methods with different vehicle numbers, transmission
ranges, or highway speed limits. Figures 2, 4, 6, and 8 show the
results obtained with the variety of total vehicle number (N)
and the variety of transmission range (R), when the highway
speed limit (v) is 100 km/h. Figures 3, 5, 7, and 9 show the
results obtained with the variety of transmission range (R)
and the variety of highway speed limit (v), when the total
vehicle number (N) is 300.
Figures 2 and 3 represent the average CH lifetime for
the three methods. Those figures show that the CHs under
KMB have a marked shorter lifetime. Although our CBSC
has a higher value than SCalE a few times, in general,
SCalE performs slightly better than CBSC on the average CH
lifetime.

Average CH Lifetime (s)
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0
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Figure 2: Average CH lifetime versus N and R.
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R=300,
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R=200,
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(1) Average CH Lifetime. The CH lifetime is the period
from the state when the vehicle is a CH to the state
when it is not a CH (i.e., being a CM or leaving the
system). When a CH ends its lifetime, a new CH is
elected, or the cluster is dissolved.
(2) Average CM Lifetime. CM lifetime represents the
duration at which a CM stays in the same cluster.
The average CM lifetime is the average length of all
vehicles’ CM lifetime. It is another important metric
to evaluate the stability of clusters.
(3) Average Number of Reaffiliation Times per Vehicle.
The average number of reaffiliation times per vehicle
represents the average number of times a vehicle
changes the cluster it belongs to during the simulation
time.
(4) Packet Loss Rate. Packet loss rate is the percentage of
packets lost with respect to packets sent.

60

R=200,
v=70

4.2. Results and Analysis. The goal of this paper is to propose
a stable clustering algorithm for VANETs. To check whether
a clustering algorithm can solve the high mobility of vehicles
on the highways, the cluster stability should be evaluated.
The metrics we use to show the performance of clustering
algorithm are as follows:

70

Average CH Lifetime (s)

90.09 km. Every vehicle has random source and destination
edge. The route from the starting point to the destination
is the shortest path found by Dijkstra’s algorithm [18]. The
maximal acceleration ability of vehicles we have used is 2.6
m/𝑠2 . The maximal deceleration ability of vehicles is 4.5 m/𝑠2 .
The vehicle’s maximum velocity is 55.55 m/s.
We compare our proposed clustering algorithm, CenterBased Stable Clustering Algorithm (CBSC), with a K-MeansBased method (KMB) and SCalE algorithm [19]. K-means
algorithm [20] is commonly used in VANETs for clustering,
e.g., [21–23]. In KMB method, we divide the vehicles into
two parts by the angle of the vehicles and perform KMB on
them, respectively. The cluster maintenance algorithm KMB
is proposed in [24]. The predefined threshold ΔV𝑡ℎ is 5 m/s.
In the simulations, all vehicles’ movement information is
resent to eNodeB for cluster status update in every 10 seconds.
eNodeB needs exchange data with vesicles every 3 seconds.
The simulation time is 503 seconds.
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KMB
SCalE
CBSC

Figure 3: Average CH lifetime versus R and v.

The average CM lifetime values produced by KMB, SCalE,
and the CBSC methods are shown in Figures 4 and 5.
From those two figures, we can see that the average CM
lifetime produced by CBSC is much longer than the other two
methods. SCalE has the worst performance on the average
CM lifetime.
Figures 6 and 7 show the average number of reaffiliation
times per vehicle obtained in 503 seconds. Obviously, comparing to other two algorithms, vehicles with SCalE change
status much more frequently. The data on the two figures
shows CBSC not only produces a lower cluster status change
frequency than KMB produces, its superiority, but also is
bigger with the increase in highway speed limit.
The results of simulation illustrate that clusters under
CBSC are the stablest in the three algorithms. They have
the longest average CM lifetime and lowest average number
of reaffiliation times per vehicle. Although SCalE performs
slightly better than CBSC on the CH lifetime experiment, it
produces a much shorter average CM lifetime. Besides, the
number of CMs is much larger than the CHs in one system.
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Therefore, we consider that CBSC has higher stability than
SCalE.
The basic function of VANETs is supporting communication between separated vehicles and infrastructures. To
test the performance of data dissemination in VANETs, we
do experiment on packet loss rate with different methods.
Packet loss means a packet fails to arrive at its destination.
A high packet loss rate decreases the data dissemination
efficiency and may cause network congestion. Therefore, an
efficient data dissemination mechanism should have a low
packet loss rate. In our experiment, all vehicles exchange
data with eNodeB every three seconds. That means, in every
three seconds, eNodeB sends data to all vehicles once, and
each vehicle sends data to eNodeB once. Like the scene we
described in the previous section, eNodeB communicates
with the nodes in its record via CHs, and vehicles which
are CMs send data to their CHs first. Figures 8 and 9 show
the results of packet loss rate. With the increase in vehicle
velocity or the transmission range, the packet loss rates
obtained by all the three mechanisms decrease. But CBSC
gets lower packet loss rate, while KMB performs the worst,
when the amount of vehicle is larger. That insinuates CBSC
has a good ability to handle a considerable amount of data.
In the experiment, CBSC always obtains lowest packet loss
rate. Since the interval between cluster status updates is 10
seconds, we can know that the probability of CM leaving its
CH between two cluster status updates in CBSC is lower than
the other two algorithms. We can consider that the proposed
relative mobility metric 𝑀 and CH selection algorithm of
CBSC do reduce the impact of vehicle mobility on cluster
stability.

5. Conclusion
To decrease the management overhead and increase the
quality of communications, we try to make the clusters in
VANETs as stable as possible while keeping the network
performance acceptable. In this paper, we propose a stable
clustering algorithm for VANETs on highways, which utilizes
direction vector, the centers of vehicle denser areas, and
intersections to group less quantity of more stable clusters.
To reduce the impact of vehicle type and drivers’ driving
habits, we propose a novel CH selection algorithm and cluster maintenance algorithm, which use the relative mobility
metric to reduce the influence of vehicle’s distance, velocity,
and maximal acceleration. To protect the vehicles’ privacy
and the network availability, we introduce two mechanisms
to detect malicious attacker. In the simulation experiment,
our algorithm’s performance ranks up against the other two
algorithms (KMB and SCalE) on both stability and package
delivery rate. In the future, we would like to further improve
the algorithm for the complex urban environment.
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