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Vehicular Cyber-Physical Systems (VCPS) are the most popular systems of the modern era due
to their abilities to disseminate the safety related information to the moving vehicles on time.
For efficient data dissemination, vehicles form a cluster with other vehicles in VCPS environ-
ment. But, due to high velocity and constant topological changes, cluster maintenance is one
of the most difficult tasks to be performed in this environment. To address this issue, in this
paper, we propose a novel Learning Automata (LA)-based hybrid clustering scheme for vehi-
cles in VCPS environment. We have improved our existing solution Energy Efficient Predictive
Clustering (EEPC) approach, by incorporating the future mobility prediction computed by LA
stationed on the vehicles. For this purpose, a Predictive Clustering Algorithm using Learning
Automata (PCALA) is proposed. Extensive simulations are performed to evaluate the perfor-

Reward mance of the proposed scheme with respect to various metrics. Results obtained confirm the
Penalty effectiveness of the proposed scheme in comparison to the existing EEPC scheme.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

The latest advancements in wireless communication technologies are the key enabler for making the life of people easier and
comfortable. In the modern era, with the evolution of Internet of Things (IoT), a large collection of objects/devices are intercon-
nected with one another for data sharing, and information dissemination. In IoT, vehicles can be viewed as intelligent objects
which are capable of taking intelligent decisions. The existing wireless technology integrated with vehicular environment im-
prove user safety, driving conditions, and comfort of the end users. Wireless networks integrated with vehicular environment
are characterized by highly dynamic nature that affects the performance of various routing and data dissemination solutions in
VCPS environment. The unknown time varying characteristics impact signal strength, spectrum allocation, and the movement
patterns of vehicles. The variations in these parameters generate the need to design efficient protocols for clustering and data
dissemination in VCPS environment.

Vehicular Ad hoc Networks (VANETs) have several characteristics such as mobile nature of vehicles, unlimited battery power
and storage, delay in transmitting messages and predictable movement of vehicles that differentiate them from contemporary ad
hoc networks. Vehicles communicate with neighboring vehicles for information exchange in a Vehicle-to-Vehicle (V2V) manner.
Also, when vehicles communicate through a fixed equipment next to road called as Road Side Unit (RSU), then it is called as
Vehicle-to-Roadside unit (V2R) communication [1]. Apart from this, On Board Unit (OBU) is also included in vehicles which is a
device mounted on-board vehicle and is used for exchanging information with RSU’s.
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Communication between vehicles allows sharing of different types of information for applications related to safety, user
convenience, entertainment, and multimedia sharing. However, safety and passenger convenience are the two most important
VANET applications [2,3]. In some cases, communication in vehicular environment tends to slow down due to congestion which
temporarily disrupts the network efficiency as a large number of vehicles generate data and share it with other vehicles. To
minimize this problem that mainly occurs due to flooding and causes inefficient message broadcast, several clustering algorithms
for VANETs environment have been designed in literature. Vehicles form clusters among themselves for information sharing
and data dissemination. Each cluster in the network has at least one Cluster Head (CH) selected by other Cluster Nodes (CN’s).
The clustering algorithms provide improvements in VANETs characteristics such as efficiency, stability, reducing transmission
overhead, simplified routing and efficient usage of the network resources.

The cluster formation process in VANETs specifically addresses the requirement of creating a hierarchical structure that im-
proves network efficiency. Although VANETSs can function without a cluster also, but the use of clustering provides an efficient
usage of network resources and it increases data dissemination efficiency. Current solutions to this problem are primarily based
on vehicles characteristics and network performance parameters such as vehicle speed, density and distance to the final desti-
nation. But, these existing solutions fail to predict the future mobility of the vehicles which can be used to improve the overall
performance of any solution designed for VCPS environment. The main contribution of this work is to present a Learning Au-
tomata (LA)-based solution to the clustering problem for creating clusters based on prediction of future positions of vehicles to
improve cluster stability which in turn, provides an efficient vehicular environment.

1.1. Motivation

To improve road safety and user convenience, a number of solutions using vehicular technology have been proposed
in the literature. But, these solutions are not sufficient to get real-time interaction with the environment for achiev-
ing satisfactory data dissemination. In this direction, clustering of vehicles has received a lot of attention with an aim
to obtain optimal performance of the network with respect to parameters such as high throughput, and reduced de-
lay. However, constrained mobility patterns, high density along with high speed make clustering a challenging task.
Hence, there is a requirement of prediction of the position of vehicles by estimating their future mobility. Accurate pre-
diction also assists in making clusters more stable which ultimately improves the network performance. Thus, there
is a need of a clustering scheme based on accurate future mobility prediction. Moreover, LA have been used in wide
range of application to get a real-time interaction with the environment using which efficient algorithms for monitor-
ing the states of vehicles can be designed. We have also motivated by our previous solutions [5-7,16-20], where we
have applied LA in various engineering applications. The performance of these solutions are found satisfactory in comparison to
the other existing solutions in the literature. Thus, motivated from these factors, we propose a clustering scheme which improves
the prediction accuracy of existing EEPC clustering scheme [4]. Distributed LA are used in the proposed scheme for improving
the performance of the VCPS.

1.2. Contributions

In this paper, the results of Predictive Clustering Algorithm [4] are extended by observing the inherent shortcoming of current
scheme. Specifically, we emphasize on efficiency and stability of clustering schemes by predicting the future positions of vehicles.
Furthermore whereas, existing schemes for clustering in VANETs were focused on divergent vehicular characteristics for cluster
formation, we propose an enhanced predictive clustering scheme. The main contributions of this work are as follows.

o A new LA-based CH election method is proposed to handle a wide range of vehicular movements which provides stability to
different clusters.

* A new LA-based prediction technique is introduced for improving the efficiency of message dissemination and overall net-
work performance.

o A centralized cloud-based backbone selection method is incorporated into the vehicular network to optimize the cluster
stability.

1.3. Organization

The rest of the paper is structured as follows. In Section 2, we briefly review the literature on clustering algorithms in VANETSs
and Learning Automata. Section 3 describes the system design and different steps of proposed Predictive Clustering Algorithm
using Learning Automata (PCALA). In Section 4, we provide a detailed description of our proposed predictive clustering scheme.
The performance of proposed PCALA is evaluated using extensive simulations in Section 5. Finally, the paper is concluded in
Section 6.

2. Literature review

This section is subdivided in two parts-clustering-based VANETSs, and LA-based proposals. The key proposals relevant to each
subsection are discussed in the following sections.
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