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Abstract – Nowadays, vehicular networks attract car 
manufacturers, network researchers, and governments as well. 
They represent one of the building blocks, for the intelligent 
transportation systems. Our task is to study the employment of 
SDN advantages to facilitate and improve the performance of 
vehicular ad-hoc networks. The goal of the research is to evaluate 
AODV routing protocol performance improved with SDN 
technology applied on VANET network in specified environment 
of a city. We have evaluated three parameters: packet delivery 
ratio, end-to-end delay and throughput using SUMO and NS3 
simulators. The implemented evaluation protocol shows the 
importance of the adopted approach. 
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I. INTRODUCTION

The vehicular ad-hoc network (VANET) is a rather hot field 
of research during the past years [1]. Because of their specific 
characteristics such as high dynamicity and foreseeable 
mobility [2], VANET draws the attention of the academic world 
as well as the industrial one. It is a highly dynamic wireless ad-
hoc network, which aims at establishing communication 
between vehicles without the need of any predesigned 
infrastructure [3]. 

The routing protocols in VANET are conceived for the urban 
environment where the vehicles are equipped with GPS and 
wireless devices for the continuous follow-up of the vehicles. 
The objective of these protocols is to select an optimal way with 
a minimum cost. Because of the dynamic behaviour of VANET, 
its topology changes consequently.  

We can categorise VANET routing protocols according to 
their architecture into two main classes: vehicle-to-vehicle-
based (V2V) and vehicle-to-infrastructure (V2I) based on 
VANET architecture. In V2V models [4], the communication 
between vehicles aims at providing all the necessary 
information about the traffic to drivers.V2I models [5] allow for 
a better use of the shared resources and multiply the abundant 
services by RSUs to install on the road side [6], but the problem 
of this mode is that it is very expensive. 

During last years, routing protocols in VANET were largely 
studied [7]. From [8], we can define two major classes of 
routing protocols in VANET: protocols based on the 
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geographical localisation [9] and protocols based on 
topology [10], which are divided into proactive protocols [11] 
such as DSDV (Destination-Sequenced Distance-Vector) [12], 
reactive protocols [13] such as AODV (Ad-hoc On-demand 
Distance Vector) [14] and hybrid protocols such as TORA 
(Temporally Ordered Routing Algorithm) [15].  

This paper proposes a performance evaluation of an 
improved version of AODV routing protocol. The main 
contribution of our work is to consider the use of software-
defined networking (SDN) architecture on the performance of 
this protocol. The rest of this paper is organised as follows. In 
Section II, we illustrate the architecture of VANET, and its 
challenging issues. In Section III, we explain details about 
routing protocols based on topology in VANET. In section IV, 
we explain the SDN OpenFlow technology. Section V explains 
our adopted methodology to improve AODV routing protocol 
in VANET using SDN OpenFlow technology. Section VI 
reports the experimental results with discussion. Finally, the 
last section presents the conclusions and future research areas. 

II. VANET CHALLENGING ISSUES

VANET is a technology that uses cars as nodes to create a 
mobile network. VANET swings each car of the network into a 
wireless router or node, allowing cars approximately to 
exchange information and, in turn, create a network with a wide 
range.  

Moreover, VANET can be treated as a subset of Mobile Ad-
Hoc Networks (MANETs) [16] and it is still necessary to 
classify VANETs as an independent research field, especially 
in the light of security apparatus. Fig. 1 illustrates the position 
of VANET between the most common wireless networks. 

One of the most important design aspects of VANET is to 
implement an efficient, reliable and secure routing protocol.  

The node in this wireless network can be even trucks, cars, 
buses and so on that can communicate between them V2V to 
exchange information on the road, broadcast warnings or 
advertisements. In this case, the nodes are placed near each 
other to establish V2V communication. Each vehicle has a 
random speed, which is set such that some vehicles move fast, 
and some slowly to increase and decrease the distance between 
the vehicles. In VANET networks, we may also have fixed 
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unities as Road Side Units (RSU) that communicate between 
them with the purpose of controlling traffic information or to 
collect technical information from vehicles V2I such as speed, 
direction or destination. The whole architecture is presented in 
Fig. 2. The network is divided into two categories: the first one 
is to study the vehicular behaviour without being aware of its 
environment that is called the microscopic level. 

The second one is the macroscopic level when the entire 
surrounding environment is studied. 

Fig. 1. VANET position in wireless networks. 
 

Fig. 2. VANET architecture. 
 
Such VANET characteristics as fast mobility, expensive 

deployment of fixed units and security issues make it a 
challenging field of research [17]. 

VANET networking applications are classified into the 
following three categories: 
• User comfort: the road users nowadays seek more 

entertainment especially over long distances, which needs 
stability even in high mobility roads like highways. A high 
bandwidth also remains a challenging task for HD video 
streaming abroad. 

• Safety: to avoid traffic congestion and accidents, the real-
time information and notification are needed and this 
remains a great challenge [18]. 

• Efficiency in traffic management: Channel propagation 
problems and efficient routing strategies must be treated 
with care to improve traffic systems. 

III. ROUTING PROTOCOLS BASED ON TOPOLOGY IN VANETS 
Routing protocol based on topology in VANETs uses mainly 

ad-hoc network routing protocols and employs the existing link 
information in the network to forward packets. It is divided into 
two categories: table driven routing or proactive [19] and on-
demand routing or reactive [20] (Fig. 3). 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Routing protocols based on topology in VANET. 
 

Table driven routing protocols requires that each node in the 
network broadcast periodically the routing tables to update 
routing information in the network. This category of routing 
protocols includes: Destination Sequenced short Vector 
routing, DSDV [21] and Optimised Link State Routing, OLSR 
[22]. In DSDV, each vehicle in the network has to broadcast its 
own route tables to its neighbours. The neighbouring vehicles 
get help from two types of packets (full damp packets and 
increase packets) to update their routing table. Full dump 
packets contain information about each vehicle in the network. 

These packets are transmitted periodically and are recorded 
in additional tables. The routes are privileged according to the 
least entry in the table. More detailed information about this 
protocol can be found in [23]. 

On-demand routing protocols do not need to update their 
routing table but just require to refresh according to the routing 
algorithm established by an agreement for routing when nodes 
need to communicate. This category of routing protocols 
includes the Dynamic Source Routing, DSR [24] and Ad hoc 
On-demand short Vector Routing, AODV [25]. Ad-Hoc On-
demand Distance Vector is a reactive protocol that establishes 
a route when needed, rather than the routing tables in each node 
that must update it in every topology change. 

The mechanism of the basic AODV is identified by three 
types of messages: Route REQuest RREQ, Route REPly RREP 
and Routing ERRor RERR transmitted twice: each node sends 
broadcast-id with regular procedures for new RREQ message. 
Every time a RREQ message comes to a node, it sends 
identification, which is smaller or equivalent to the earlier 
information to eliminate the packet. The mechanism of AODV 
routing protocol is illustrated in Figs. 4 and 5.  
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Fig. 4. AODV premise flowchart-route discovery [26]. 

 
Fig. 5. AODV premise flowchart-route maintenance. 

 
Table I resumes advantages and limitations of routing 

protocols based on topology in VANETs. 
TABLE I 

ROUTING PROTOCOLS BASED ON TOPOLOGY IN VANET 

Category Sub-category 
Most 
popular 
protocol 

Advantages  Limitations 

Topology 
based 

Proactive DSDV Desirable to use in a 
dense network 

Bandwidth 
consumption by 
unused paths 

Reactive AODV Reduces memory 
requirement 

Takes time to 
establish a route, 
it is not well 
scalable 

 
 
 
 

IV. SOFTWARE-DEFINED NETWORKING OPENFLOW FOR 
VANETS 

SDN (Software-defined networking) [27] is a programmable 
networking technology, which allows applications to interact 
directly with networks in a bidirectional way.  

The main concept of this technology is to propose a new 
network architecture mainly based on the physical separation 
between the control plane and the data plane.  

In SDN, the controllers have a global view of all the network 
status and manage other equipment in the network data plan. 
These become a simple transmitter/receiver data with minimal 
intelligence.  

SDN promises to bring flexibility, scalability, and 
programmability to vehicle network architectures. They also 
facilitate network management and introduce new 
services [28]. The next figure illustrates the architecture of this 
technology. 

 

Fig. 6. SDN architecture. 

SDN is based on a three-layer hierarchical architecture: 
• Data plane layer: it represents all the network broadcast 

equipment, which only sends and receives data with 
minimal intelligence.  

• Control plane layer: this layer represents the SDN 
controllers, which centralise network intelligence and 
manage other data plane streaming devices. 

• Application layer: it gathers all the services and 
applications of the systems installed on the SDN 
controller. 

To enable communication between the three layers, SDN 
establishes many unified communication interfaces: 
• Northbound interface: it allows communication and data 

exchange between the SDN controller on the control plane 
and network applications. The type of information 
exchanged as well as its forms and frequencies depend on 
each network application.  
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• Southbound interface: it refers to the different applications 
that allow for communication between the control plane 
and the data plane devices. OpenFlow [29] is the most 
used standard for this interface. It is a communication 
standard for SDN that defines two types of network 
equipment:  

• OpenFlow controllers: it is software that centralises all 
network control functions. 

• OpenFlow vStwichs: they are virtual switches that only 
perform data packet transfer functions. Each of them has a 
flow table managed by the controller when installing flow 
rules. 

Thus, the SDN approach is particularly suitable for VANETs 
due to its extremely changing nature where each node plays the 
role of a router [30]. As a result, the computational load 
associated with the controller is largely removed from the router 
nodes. The controller is therefore responsible for calculating 
and updating the routing tables. 

Software Defined Vehicular Network is being a promising 
technology to manage the network configuration [31]. Fig. 7 
illustrates the SDVN architecture. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 7. SDVN architecture [32]. 

V. ADOPTED METHODOLOGY  
The vehicular communication protocols are first simulated 

by the researchers using specific simulators. A real 
experimentation is very expensive.  

The design of the mobility model is a very important stage in 
the simulation process of VANET. 

In this section, we will explain our simulation of a realistic 
scenario combining many specific simulators. The goal targeted 
by our application is to improve the performances of AODV 
routing protocol using software-defined networking 
technology.  

In our case, we have carried out numerous tests on AODV 
routing protocol using two distinct simulators: NS3 [33] for the 

network simulation and SUMO [34] for the road traffic 
simulation. 

A. Simulation Configuration 
The following table resumes the configuration parameters of 

our simulation. 
TABLE II 

SIMULATION PARAMETERS 

Parameter Value 

Type of channel Wireless 

Antenna type Omni-directional 

Network interface type Physical wireless 

Routing protocol AODV 

Simulation time 100 seconds 

Number of nodes 9, 30 and 50 

Vehicle direction Two ways 

Radio propagation model Two Ray Ground 

MAC protocol IEEE 802.11 

 

B. Map Generation 
We have simulated a designed scenario while proceeding to 

a variety of simulators presented previously. During the process 
of simulation, it is very important to choose the appropriate 
tools for simulation at each stage of the process. 

A real map has been imitated and simulated. SUMO 
simulator has been selected to generate the model of mobility 
and the traffic of our scenario. Concerning the network 
simulation and its evaluation, we have used the NS3 simulator.  

The scenario of simulation occurs in an urban district. We 
have created our map under SUMO, which is made up of six 
intersections and 08 sections, each road contains two ways. 
Fig. 8 shows the treatment of our network using NetEdit under 
SUMO.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 8. The design of our scenario using NetEdit. 
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C. Simulation of the Traffic Model 
This stage is devoted to create the vehicles, to define flows 

of traffic and vehicle movements, in order to define the mobility 
model and to visualise the traffic on the map created previously. 
These operations are done using SUMO and NS 3. Fig. 9 shows 
a part of our map with vehicles. 

Fig. 9. Visualisation of the map using SUMO. 

D. Simulation of the Network 
In this final step of the simulation, we have used NS3 to 

configure our network parameters. NS3 allows us to define the 
routing protocol, the propagation model as well as the 
introduction of SDN OpenFlow technology.  

It also allows us to evaluate our system by calculating 
network performance metrics.   

VI. RESULTS AND ANALYSIS 
We have established our experiment for three different node 

densities (9, 30 and 50). The number of nodes used has been 
chosen to consider its impact on the performances of AODV 
with and without SDN OpenFlow. We have selected various 
parameters for performance evaluation which are:  

A. Packet Delivery Ratio 
Fig. 10 shows the obtained results in terms of Packet delivery 

ratio with and without SDN OpenFlow. 

Fig. 10. Packet delivery ratio results (%). 

B. End-to-End Delay 
It represents the necessary time for the transmission of a 

packet from the source node to destination nodes through a 
network. Fig. 11 illustrates our obtained results with this 
parameter. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 11. End-to-end delay results (ms). 

C. Throughput 
It represents the amount of data transferred from a source to 

a destination at a specific time. Fig. 12 illustrates our obtained 
results with this parameter. 

Fig. 12. Throughput results (kbps). 
 

According to these results, we can say that the use of SDN 
OpenFlow technology has improved consequently the 
performances of AODV routing protocol in VANETs. 

With a more saturated network, we have found that the SDN 
OpenFlow technology is more efficient. The number of 
transmitted packets increases even more than twice compared 
to an unsaturated network. The received packets increase even 
more compared to the transmitted packets.  

We have noted a light difference in packet delivery ratio 
between the two situations (with and without SDN OpenFlow) 
and it is optimal when the network begins to be charged 
(50 nodes).  

By using SDN OpenFlow technology, we notice an 
improvement of end-to-end delay in AODV protocol. The main 
reason for this improvement is that with the SDN OpenFlow 
technology real-time global view of the entire network topology 
and centralised control mode, it becomes easy to identify the 
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current traffic status. This will make the allocation, of all types 
of network resources, more efficient.  

Throughput parameter has also improved by the use of SDN 
OpenFlow. This improvement is due to the flexibility of SDN 
OpenFlow, which enables faster response to emergencies and 
sudden events. 

VII. CONCLUSION 
The main goal of this study has been to improve and evaluate 

AODV routing protocol under simulation scenarios with 
several parameters. To obtain valid results, we have simulated 
a real scenario using suitable and specific simulators. We have 
designed a new architecture of the AODV routing protocol 
based on the integration of the SDN in VANETs. The results 
obtained show the effectiveness of the adopted approach. We 
strongly believe that SDN technology is a promising choice to 
overcome the limitations of VANETs.  

As future perspectives, we propose improving the 
performances of VANETs by the use of multiple distributed 
SDN controllers.  
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