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GUEST EDITORIAL

SOFTWARE-DEFINED VEHICULAR NETWORKS: ARCHITECTURE, ALGORITHMS, AND
APPLICATIONS: PART 1

Mohsen Guizani
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Yuanguo Bi

Haibo Zhou

Kaoru Ota

ith the ever more rapid development of wire-

less communications and the explosive usage

of mobile electronics, vehicular networks have
become an attainable technology to meet the imminent
demands for improving traffic safety and efficiency. In addi-
tion, there is an increasing demand from traveling users to
access the Internet through IP-enabled smart devices, which
enables infotainment applications to have rapidly taken on
an important role in the past few years. Even though several
future architectures have been proposed and investigated, it
has been very challenging to coordinate vehicular networks
to efficiently facilitate applications with diverse quality of ser-
vice (QoS) demands. Recently, software-defined networking
(SDN) has been emerging as a promising paradigm to con-
trol the network in a systematic way. The flexibility and pro-
grammability of SDN, which are lacking in today’s distributed
wireless substrate, not only make it attractive to satisfy the
QoS requirements of vehicular multimedia services, but also
simplify the resource management in vehicular networks.
Consequently, there is a need to conduct research to further
investigate the standardization efforts and address challeng-
ing issues in the SDN enabled vehicular networks.

In this IEEE Communications Magazine Feature Topic (FT),
the Guest Editors invited experts from research communities
to discuss the architecture, applications, challenging ideas,
and standardization efforts on enabling software-defined
vehicular networks (SDVNs). After a rigorous review process,
15 papers have been selected to be published in this FT,
eight of which are published in Part 1; the rest will be pub-
lished later, in Part 2 of this FT.

In SDVNS, travelling vehicles may lose connectivity to

Wael Guibene Ammar Raye

the central SDN controller, which undermines the benefits
provided by SDN. The first article, by S. Correia et al., ’An
Architecture for Hierarchical Software-Defined Vehicular
Networks,” describes the design and implementation of a
vehicular-based hierarchical software-defined architecture
that is dedicated to improving communication performance
and efficiency in case of connectivity loss between moving
vehicles and the controller. Simulation results demonstrate
that the proposed approach performs better than simply fall-
ing back to traditional solutions.

To meet rigorous QoS requirements of multimedia ser-
vices in vehicular networks, 5G mobile communication tech-
nologies are indispensable to future SDVN. X. Ge et al., in
”5G Software Defined Vehicular Networks,” propose a new
vehicular network architecture that integrates 5G mobile
communication technologies and SDN, in which fog cells
are employed to flexibly cover vehicles and prevent frequent
handover between vehicles and roadside units (RSUs). Sim-
ulation results reveal that there is a minimum transmission
delay of 5G SDVNs under different vehicle densities, and the
throughput of fog cells in 5G SDVNs can be improved com-
pared to traditional proposals.

A heterogeneous vehicular network with the support of
different access technologies is indispensable to provide reli-
able and ubiquitous mobile access. J. Wan et al., in “Scalable
and Quick-Response Software Defined Vehicular Network
Assisted by Mobile Edge Computing,” propose an SDN-en-
abled network architecture to guarantee low-latency and
high-reliability communications by integrating IEEE 802.11p
and 5G radio access technologies in vehicular networks. The
practical use case validates that the proposed architecture is
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able to meet application-specific requirements while main-
taining network scalability.

To accommodate vehicular multimedia applications with
diverse QoS requirements in various practical scenarios, it
is imperative to exploit specific advantages of terrestrial net-
works, high-altitude communication platforms, and satellite
communication systems. The next article, by N. Zhang et al.,
”Software Defined Space-Air-Ground Integrated Vehicular
Networks: Challenges and Solutions,” addresses these issues
and proposes a software defined space-air-ground integrated
network architecture to support various kinds of vehicular
services in a seamless, efficient, and cost-effective manner,
and the research directions in the proposed integrated vehic-
ular network architecture are identified.

A layer-based top-down approach to systematically cater
for security implications is essential to SDVN. A. Akhunzada
et al., in “Toward Secure Software Defined Vehicular Net-
works: Taxonomy, Requirements, and Open Issues,” present
a top-down approach to address the security vulnerabilities,
attacks, and challenges of each layer that is tightly depen-
dent to anticipate secure emerging SDVNSs. In addition, the
requirements for securing SDVNs are also presented, and
open research issues are discussed.

The fast varying network topology and high complexity of
network infrastructure impose great challenges on support-
ing dynamic vehicular communications in 5G heterogeneous
networks. X. Duan et al., in “SDN Enabled 5G-VANET: Adap-
tive Vehicle Clustering and Beamformed Transmission for
Aggregated Traffic,” present an SDN enabled 5G-VANET by
adaptive vehicle clustering and beamformed transmission to
accommodate dynamic aggregated traffic. Simulation results
demonstrate that the SDN coordinated vehicle clustering
and beamformed transmission can efficiently support fast
varying traffic.

The distinctive characteristics of SDN are anticipated to
facilitate vehicular communications. To explore the domain
of SDVN, 1. Yaqoob et al., in “Overcoming the Key Chal-
lenges of Establishing Vehicular Communication: Is SDN the
Answer?,” investigate, highlight, and report recent research
advances in the SDVN paradigm. The key requirements that
need to be met in SDVNs are outlined, and several research
challenges are discussed as future research directions. In
addition, they conclude that although SDN can improve
management capabilities and address many challenges in
the traditional VANET, integrating SDN and VANET will bring
new challenges.

Integrating existing Wi-Fi networks into VANET is essen-
tial to the next generation vehicular networks. T. Q. Duong
et al., in “Software Defined Architecture for VANET: A Test-
bed Implementation with Wireless Access Management,”
propose an SD-VANET testbed architecture that utilizes
already deployed WiFi networks in the Istanbul Technical
University campus. The proposed architecture is dedicated
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to minimize the necessity of changes in current network
infrastructure, and avoids any change at the control-data
plane interface.

In closing, we would like to thank all the people who have
made significant contributions to this FT, including the con-
tributing authors, the anonymous reviewers, and the IEEE
Communications Magazine publications staff. We believe that
the research results presented in this FT will stimulate further
research and development ideas in vehicular networks.
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