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Abstract. Vehicular Ad-Hoc NETworks (VANETs) are unique form of
Mobile Ad-Hoc NETworks (MANETs), where the nodes act as vehicles
moving with relatively high mobility, and moving in a predefined routes.
The mobility in VANETs causes high topology changes and in turn leads
to excessive control overhead and frequent link communication failures.
Traditionally, clustering techniques have been used as the main solution
to reduce the control overhead messages in VANET, in which the net-
work is divided into multiple clusters and selecting one of the Cluster
Members (CMs) as a Cluster Head (CH). Still, a problem occurs when
the control overhead messages increase due to periodically forwarding of
CM HELLO (CMHELLO) messages between the CMs and the CH, and
when the CH periodically broadcasts an CH advertisement (CHADS)
messages to declare itself to the CMs. In this paper, we propose a Con-
trol Overhead Reduction Algorithm (CORA) which aims to reduce the
control overhead messages in a clustered topology. Therefore, we develop
a new mechanism for calculating the optimal period for updating or for-
warding the CMHELLO messages between the CMs and the CH. Finally,
we evaluate the performance of our proposed work by comparing with
other recent researches that published in this field. Based on the simula-
tion results, the CORA algorithm significantly reduces the CMHELLO
messages, where it generates the minimum percentage of CMHELLO
messages compared with other techniques proposed on this field.
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1 Introduction

Vehicular Ad Hoc NETwork (VANET) is a derived form of self-organized Mobile
Ad Hoc NETwork (MANET). In VANET, vehicles are equipped with an On-
Board Units (OBUs) that can communicate with each other (V2V communica-
tions), or/and with stationary road infrastructure units (V2I) that are installed
along the roads. VANETs have several characteristics that makes it different
from MANETs; such as high node mobility, predictable and restricted mobility
patterns, rapid network topology change, and long battery life.
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The Cluster-Based Routing (CBR) protocol combines the features of both
proactive [1] and reactive [2] routing protocol. The nodes in the clustered net-
work are grouped together in a particular area called clusters. CBR protocols
are widely used to improve the scalability of VANET environment and to reduce
the control overhead message. Although the clustering techniques are minimizing
the routing control overhead, clustering management and frequent CH elections
increase the clustered control overhead. The clustered control overhead mes-
sages are produced by forwarding or broadcasting of control messages between
the CMs and the CH, and these massages are classified into CMHELLO messages
and CHADS messages, respectively. When the generated control overhead mes-
sages are increasing in a cluster topology, then the available bandwidth resources
are decreasing. The main objectives of this paper is minimizing the number of
generated clustered control overhead messages in a cluster-based VANET topol-
ogy. Therefore, we propose a Control Overhead Reduction Algorithm (CORA)
that optimizes the updating or forwarding period of CMHELLO messages in a
clustered-based topology.

This paper is outlined as follows; in Sect. 2, we present a literature review that
related to control overhead reduction techniques in clustered topology. Section 3
presents the CORA algorithm in a clustered highway scenario. Section 4 shows
the simulation, results and analysis. Finally, Sect. 5 concludes this article, respec-
tively.

2 State of Arts

Control overhead reduction techniques are an important and interesting subject
in many of recent researches. The main objective of minimizing the control over-
head messages is improving the network efficiency by producing more bandwidth
resources for data transmission.

VANETs are an autonomous systems formed by connected vehicles without
the need for any infrastructure. Routing in VANET is a significant challenge due
to the nature of fast topology changes. The high mobility in VANET forces the
vehicles to periodically exchanging of control overhead message. Therefore, the
excessive amount of control overhead messages yield to consume high amount of
available bandwidth resources.

The main solution to reduce the control overhead messages is to use the
clustering technique, the concept of clustering means to transform the big net-
work into small grouped networks called clusters. In each cluster, one of cluster
members (CMs) should be elected to be responsible for all local cluster commu-
nication, and its called Cluster Head (CH). This process will significantly reduce
the control overhead because restricts the communication between each CM and
CH instead of exchanging the control overhead messages between all the CMs in
the cluster. Many researches proposed several algorithms of selecting the CH in
each cluster based on specific parameters, such as: vehicle ID, vehicle location,
vehicle speed, vehicle direction, and vehicle LT. The process of electing CH is
out of scope in this paper. In general, dividing the network into multiple clusters
reduces the communication overhead and improves the network efficiency.
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In the cluster, CMs and CH should periodically exchange the control over-
head messages. The CMHELLO message is one of important control overhead
messages that used to define the vehicle identity and location in VANET net-
work. The number of control overhead messages in the cluster is in proportion
to the number of CMs. Many techniques are proposed in the literature to reduce
the number of CMHELLO messages as follows:

Tao et al. [3] proposed a Cluster-Based Directional Routing Protocol
(CBDRP) for highway scenario. The CMs exchange the control overhead packets
that contain the location of the cluster, location of vehicle, and the velocity of
the vehicle. A CH distributed algorithm is used to select one CH among CMs, the
selected CH has full information about its CMs. CBDRP concentrates to reduce
the routing overhead packet from source to destination, without considering the
control overhead packets that produced by the CMs in each cluster.

Pedro et al. [4] proposed a Beacon-less Routing Algorithm for Vehicular Envi-
ronment (BRAVE), the proposed protocol objects to reduce the control overhead
messages in a broadcast approaches. In BRAVE, the next forwarder vehicle is
reactively selected among those neighbors that have successfully received the
messages. The drawback of BRAVE protocol that each vehicle participates in
the routing protocol still required to exchange a beacon message among them.
In the simulation setting, BRAVE sets the exchanging time of the beacon mes-
sage to 2 s to keep monitoring the vehicles location. In general, reactive routing
protocol reduce the control overhead messages compared with proactive routing
protocol, however it still suffering of high control overhead compared with CBR
protocols.

Dan et al. [5] proposed a MOving-ZOne-based (MoZo) architecture, MoZo
consist of multiple moving zones that group vehicles based on the movement
similarity. The selected CH is responsible for managing information about CMs
as well as the forwarding packets. The control overhead updating period for the
CMs in MoZo architecture is varied between the changing of moving function of
5 m/s or 4 s. In [6], a periodically live message is broadcasted by every node for
announcement of it’s existence in the cluster. Also, this paper does not consider
the live message size and the period of updating these messages in its evaluation.

In the literature, the authors do not provide any guidelines to exploit the
cluster resources. Though the main properties of any clustering algorithm are
high CMHELLO message and CHADS messages. In addition, most of the liter-
ature ignoring the control overhead message size. To the best of our knowledge
there are no researches that investigated to reduce the control overhead message
by optimizing the control overhead exchanging period time for the CMs and CH.
Therefore, in this paper we propose a Control Overhead Reduction Algorithm
(CORA) that optimizes the updating period of CMHELLO messages in each
cluster.

3 Control Overhead Reduction Algorithm

In VANET, the CBR protocols do not require that every vehicle knows the entire
topology information. Only the selected CH vehicles require to know the topology
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information and other CMs only require to periodically exchange their informa-
tion with the CH via CMHELLO messages. CMHELLO message is one kind of
the control overhead messages that we discuss in this paper. The CMHELLO
messages inform the CH about CM identity and it could combine other param-
eters; such as current location, direction, velocity, and life time. The increasing
size of CMHELLO messages consider an important issue that degrade the perfor-
mance of any mobile and limited resources networks. Furthermore, the frequently
exchanging of CMHELLO message negatively impact the network performance.
Therefore, in this section we propose a new algorithm that reduces the number
of control overhead messages, which called CORA algorithm. CORA is based
on the assumption that each vehicle in the VANET environment can know its
current location and cluster ID by using a digital map and Global Positioning
System (GPS). Also we used Cluster-Based Life-Time Routing (CBLTR) proto-
col [7], which outperforms many other cluster protocols in terms of increasing the
average throughput and stability in clustered network. The CBLTR [7] protocol
selects the CH based on maximum LT among the CMs and the CH maintains
it’s status as CH until arrives to a predefined threshold point. Therefore, the
CBLTR protocol significantly reduced the CH election processes.

In general, each vehicle must be defined as CM or CH at any time. Algorithm 1
explains the CORA algorithm as follows; initially, each vehicle enters any cluster
coordination zone sets its status as CM by default (lines 2 and 3). Then, it waits
for τ second (line 4), if it does not receive any message, it changes its status to CH
and starts periodically (every τ second) forwarding CHADS message (lines 10 and
11), this message consists of CH identification information and the remaining LT
that the CH predict to spend in the cluster zone. Otherwise, it stays as CM and
replies with only one CMHELLO message which consists of the CM identification
and the remaining LT that the CM predict to spend in the cluster zone (lines 5–8).
The remaining LT is varied among vehicle due to the velocity variation. The objec-
tive of periodically exchanging CHADS message is to inform newly-arrived CMs
that an active CH exist. When the CH receives all replies from the CMs within its

Algorithm 1. CORA PROTOCOL
1: for t = 1 to end of simulation time do
2: if any vehicle enters the cluster Zone then
3: vehiclestaus = CM
4: wait τ sec
5: if CM receives CH ads message then
6: reply to CH by CMHELLO message
7: Containes < CMID, CMLT >
8: else
9: vehicle staus = CH
10: every τ sec send CH ads message
11: end if
12: end if
13: end for
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associated LT, the CH is capable to calculate the candidate CH (CCH) before leav-
ing the cluster.Therefore, theCMsdonot require toperiodically update their infor-
mation with the CH while the CHLT is not expired. In other word, the CMHELLO
messages that produced by the CMs are proportional to the number of CH changes
instead of specific period of time. Thus, that yields to significantly minimize the
control overhead messages in each cluster.

To calculate the number of CHADS message within the simulation time, first
we divide the elected CH remaining LT time by the period of exchanging time
τ (τ is a constant value), as in Eq. 1:

AdsCHijk =
CHLTijk

τ
(1)

where:
AdsCHijk: Total number of CHADS messages produced from CH with ID i

in cluster j in segment ID k.
CHLTijk: The remaining LT for CH with ID i in cluster j in segment ID k.
τ : The periodic exchanging time for CHADS message. Next, we calculate

the overall CHADS messages for all elected CHs in the same cluster within the
simulation time, as in Eq. 2:

TotalAdsclusjk =
x∑

i=1

AdsCHijk, 0 < TotalAdsclusjk < simulationtime (2)

where:
TotalAdsclusjk: The number of CHADS message produced from CHs in

cluster ID j in segment ID k.
To calculate the total CHADS messages that generated in a segment with

multi-cluster, we do the summation for the number of CHADS messages for each
cluster, as follow:

TotalCHAdsk =
y∑

j=1

TotalAdsclusjk =
y∑

j=1

x∑

i=1

CHLTijk

τ
(3)

where:
TotalCHAdsk: The number of CHADS message produced by CHs in segment

ID k.
y: Total number of clusters within the segment.
Since τ is constant value, then the number of CHADS messages that produced

by the CH are proportional to the CHLT value in each cluster.
In Fig. 1, the CH forwards CHADS messages every τ seconds to all of its CMs

until its LT expires. Each selected CH should periodically forward an CHADS
messages to announce itself in the cluster zone. The vehicles A, B, C, and D are
CMs that receive CHADS from the CH while its LT time does not expire.
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On the other hand, when any vehicle enters the cluster zone, its default status
is CM. It should exchange the CMHELLO message with the CH. So, in this
paper the main contribution is to minimize the number of CMHELLO messages
by taking into consideration CHLT. When any vehicle enters the cluster zone,
it sends a CMHELLO message to the CH (if it receives the CHADS after τ
second). In this case we have two scenarios; if the CMLT is greater than CHLT,
then the number of CMHELLO message equals to the number of CH changes
within the CMLT plus two (the mandatory two CMHELLO messages when the
CM enters the cluster and before leaves the cluster), otherwise; the CM generates
the CMHELLO message only two times; that is when it enters the cluster and
before leaves the cluster. Figure 2 explains a scenario of CM CMHELLO message;
first, when vehicles enter the cluster zone (as vehicle B), then it should send
CMHELLO message, and when the vehicle leaves the cluster zone, then it sends
another CMHELLO message (as vehicle C), whereas the vehicles (vehicle A and
D) that already in the cluster zone and within the CHLT do not require to
send any CMHELLO message. Figure 3 explains another scenario when the CH
(Old CH) arrives to the threshold point (the point that the current CH should
select another CH), the old CH sends an CHADS message informing the CMs
for the new CH, in the meantime; all the CMs (vehicle A and D) should send
the CMHELLO message to the new CH.

The following Equation describes mathematically the two scenarios in Figs. 2
and 3:

NumCMijk =

{
numCHijk + 2, if CMLTijk > CHLTjk

2, if CMLTijk ≤ CHLTjk

(4)

where:
NumCMijk: The number of CMHELLO message produced by CM with ID

i in cluster ID j in segment ID k.
numCHijk: The number of CH changes within CMLTijk.
CMLTijk: The remaining LT for CM i in cluster ID j in segment k.
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We can mathematically formulate the total of CMHELLO messages for a
specific cluster by following expression:

TotalHELLOk =
y∑

j=1

NumCMijk (5)

where:
TotalHELLOk: The total number of CMHELLO messages produced from

CMs in cluster k.
y: Total number of CM in the cluster ID k.
Also, we can mathematically formulate the total of CMHELLO messages for

specific pre-divided cluster segment as the following Equation:

TotalCMHELLOm =
p∑

j=1

TotalHELLOj (6)

where:
TotalCMHELLOm: The total number of CMHELLO message produced

from CMs in segment ID m.
p: Total number of clusters in the segment ID m.
Finally, the total control overhead messages within the simulation time equal

the summation of CMHELLO messages that produced from the CMs and the
periodically CHADS messages that produced by the CHs. As the following
Equation:

TotalAdsmessagek = TotalCMHELLOk + TotalCHAdsk (7)

4 Simulation, Results, and Analysis

By using the SUMO version 0.28.0 traffic generator and Matlab version R2016b,
we implement and evaluate our proposed protocol. In Table 1, we present the
simulation parameter we used to evaluate the performance of our proposed work.

We first implemented a bidirectional highway scenario with length 10000 m,
then we divided the highway to fixed sizes of clusters of length 250 m each. The
vehicles enters the highway scenario in fixed rate which equals 1 vehicle/sec,
when any vehicle arrives any end of the highway, it makes a U turn and drives
back in the opposite direction. The SUMO traffic generator keeps safety distance
between the vehicles, and the distance distribution between the vehicle follow
an exponential distribution. All the vehicles remain in the highway until the end
of the simulation. The simulation starts to gather the results after all vehicle
entering the Highway scenario.

Based on Eq. 6, we calculate the number of CMHELLO messages in each clus-
ter, we assumed here that the vehicles use the same architecture of CMHELLO
message in terms of size. In Fig. 4, we compare our results with three other



Control Overhead Reduction in Cluster-Based VANET Routing Protocol 113

Table 1. Simulation parameters

Parameter Value

Simulation time 500 s

Topology type Highway

Number of cluster 40

Number of vehicles in
each direction

200

Vehicles arrival rate 1 vehicle/sec

Communication range 250

Vehicle range speed (10–60) kmph

CH protocol used CBLTR

Table 2. The mean and percentage
of HELLO messages generated by
the CMs

Protocol Mean Percentage

Name of HELLO

messages

CORA 215.25 2.5%

MoZo 1215.8 13.9%

BRAVE 2431.6 27.8%

CBDRP 4863.3 55.8%

protocols that mentioned in the literature; CBDRP, BRAVE, and MoZo pro-
tocols. In CBDRP protocol, the CMs in each cluster are updated vary quickly,
and this yields to produce high CMHELLO messages. In BRAVE protocol, the
CMHELLO interval is 2 s. In MoZo protocol, the authors assume that the vehi-
cles need to send CMHELLO updates messages when they deviate from their
defined original moving function more than 5 m/s or the time from the last
update which equals to 4 s. CORA outperforms all previous protocols in terms
of the number of CMHELLO messages that generated in each cluster within
a period of time. The CORA protocol minimizes the number of CMHELLO
messages due to avoid periodically exchanging of CMHELLO message, CORA
propagate the CMHELLO messages in three scenarios; which are: when the CM
enters the cluster zine, second; when the CM leave the cluster zone, and when
new CH announces about itself. In general, CORA calculate the optimal number
of CMHELLO messages in each cluster.

In Table 2, we present a numerical results to validate the performance of
the CORA protocol. Column 2 calculates the average number of CMHELLO
messages that generated within the simulation time by CORA, MoZo, BRAVE,
and CBDRP protocols. Column 3 calculates the percentage number of HELLO
messages that generated by the CMs, the percentage is calculated by dividing
the average number of CMHELLO messages that generated by any algorithm to
the overall CMHELLO messages that generated by all algorithms. The CORA
algorithm significantly reduces the CMHELLO messages, where it generates the
minimum percentage of CMHELLO messages, which is equal to 2.5%, and the
main reason of that returns to forward the CMHELLO messages only in three
scenarios that we explained in the previous section. In contrast, MoZo, BRAVE,
and CBDRP algorithms, show high number of CMHELLO messages, and the
reason of that because all of these protocols forward periodically the CMHELLO
messages.

We evaluate the performance of CORA algorithm in terms of the total num-
ber of control overhead messages. Based in Eq. 7, the total of number of control
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Fig. 5. CORA vs traditional CBR protocol

messages are the summation of all messages that forwarded by the CMs and
broadcasted by the CHs in a specific period of time. In Fig. 5, we present the
total number of control overhead for the CORA algorithm and another tradi-
tional CBR protocol (such as CBDRP). As shown in Fig. 5a, in traditional CBR
protocol all the vehicles in the clusters should forwards or broadcasts the con-
trol overhead messages periodically and depending mainly on time. Therefore,
an excessive amount of generated control overhead messages are produced in
a traditional CBR protocols. In contrast, Fig. 5b shows that CORA algorithm
achieves a significant reducing of CMHELLO messages, and the reason of that
because the CM only forward CMHELLO messages only in three cases; when
the CMs enters or leaves the cluster zone or CH election process notification
received. In other words, the CMs mainly depend on the location to forwards
the CMHELLO message rather than the times.

5 Conclusion

In this paper, we propose a Control Overhead Reduction Algorithm (CORA),
which aims to reduce the number of CMHELLO messages that generated by
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the CMs in the clusters, a new mechanism for calculating the optimal period
for updating or exchanging CMHELLO messages is proposed. CORA propagate
the CMHELLO messages in three scenarios: when the CM enters the cluster
zone, second; when the CM leave the cluster zone, and when new CH elected.
Based in the simulation results, CORA significantly minimized the number of
CMHELLO message in each cluster and in any segment in general.
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