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ABSTRACT 
 
 
 

Due to its extensive applications, VANETs had emerged as one of the important research 
areas in wireless networks. The main motto of vehicular technologies is to enhance traffic 
management by improving safety and also provide a reliable data exchange and information 
services among vehicles.  
 
Vehicular communications is a co-operative technology that enables communication among 
different vehicles, infrastructure and other devices. V2V, V2I communication models are 
commonly used in vehicular networks. Recently, extensive research is being performed on 
hybrid model which integrates both V2V and V2I models. The main goal of this research is 
to study the nature of these communication models in an urban and highway traffic 
environment and suggest a simulated model which helps to which provide reliable vehicular 
communication.  
 
Literature study helps to gain knowledge on the background of vehicular networks. Later, a 
simulated model is designed with the help of SUMO and NS-3 which implements all these 
communication models. The simulated model which is developed is classified into different 
phases and each phase represents a different communication model. Each phase is 
completely different from one another. All these phases are incorporated in both urban and 
highway traffic environments.  
 
Performance metrics are evaluated and analyzed to study the behavior of these models. 
Throughput, PDR, Packet-Drop and Propagation-Delay are the performance metrics 
considered. 
 
Simulation analysis shows that hybrid model exhibits a stable communication behavior when 
compared with V2V and V2I in both urban and highway traffic environments.  

 
Keywords: highway mobility, Hybrid model, urban 
mobility, V2V, V2I, VANET. 
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1 INTRODUCTION 
  
With the growing population, transportation has become an important part of our 

lives. From the past decade, there is a significant increase in the number of vehicles 
used by people for transportation. These increase in need of vehicles results in many 
calamities which in turn lead to severe effects. So there is a need to develop an 
intelligent transportation among vehicles to administer an efficient traffic management 
and to improve safety. Previous technologies have been introduced to assist 
transportation system, but many of them were outdated due to the continuous 
exploration of possibilities by newer techniques. 

As the means of communication is increasing rapidly with the advancement in 
technology, several advanced computing devices are embedded in vehicles to enhance 
safety and reduce the fatalities. These computing devices help vehicles to act 
according to the changes in their surroundings. There exists a feasibility that a 
communication mechanism between vehicles in the vicinity will result in an intelligent 
network, thus taking advantage of network diversity to develop a solid transportation 
mechanism.  

There is an important need to investigate different technologies that can serve and 
handle different complex transport systems. Vehicular communications are co-
operative technology that enables communication among different vehicles, Road-
side infrastructure and other devices [1] . In this thesis, a new approach for vehicular 
communication systems are developed with the aim of providing a reliable 
communication in vehicular environment. 

1.1 Background  
Vehicular Ad-hoc Networks (VANET) is a backbone to the vehicular 

communications which belong to the wireless networks domain. The main objective of 
VANET is to enhance safety of road users and to provide decent information exchange 
services among vehicles.  It is the sub-class of MANET’s where vehicles are treated as 
mobile nodes within the network. Within the transmission range of the radio network, 
every node acts as a transmitter, recipient and router which can communicate with 
other nodes and activates data exchange between them. VANETs are self-adaptable 
networks but sometimes there are fixed infrastructure nodes placed at certain critical 
locations which facilitates several services in the vehicular networks. 

In VANET, each vehicle act as a node, and the movements of these nodes are 
constrained with respect to the network topology deployed in a geographical region. 
There are many challenges faced by VANET due to its high mobility and highly 
dynamic nature in topology patterns. So, there is a great need to develop a reliable 
vehicular communication system. Apart from this, vehicles are equipped with On 
Board Units (OBUs) and fixed infrastructure are equipped with Road-Side Units 
(RSUs) to establish a communication between them. Generally, the vehicular 
communication systems can be divided into three categories: Vehicle-to-Vehicle 
(V2V); ii) Vehicle-to-Infrastructure (V2I); iii) Vehicle-to-Anything (V2X) [2]. 

V2V approach is most suited for short range vehicular networks [3]. The 
communication is achieved only between the vehicles and the communication is 
achieved with the help of OBU’s.  
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V2I approach is most suited for medium-to-long range vehicular networks [4] . It 
makes use of pre-existing network infrastructure such as wireless access points 
(RSUs). Communications between vehicles and RSUs are supported by Vehicle-to-
Infrastructure (V2I) protocol.  

V2X approach integrates both V2V and V2I which promotes co-operation and co-
ordination between these two protocols to ensure good connectivity in VANETs[5]. 
Vehicles can freely communicate with other vehicles and RSUs at the same time.  

 
In the beginning, numerous routing protocols are developed to ensure an efficient 

routing of data between the nodes. Thereafter different communication models are 
developed. However most of these models consider only one of the above addressed 
categories i.e., either V2V or V2I. Further LTE, UWB, ZigBee, Bluetooth, Cellular 
and many other technologies are used to develop communication models [6] . Each 
technology has its advantages and drawbacks. Due to the advancement in technologies, 
802.11p WAVE based model using Dedicated Short Range Communication (DSRC) 
standard is often implemented in the present day environment. Interconnection of 
technology standards along with GPS helps users to know information about vehicles 
position and velocity. 

 
Figure 1.1 Basic Vehicular Communications scenario 

Fig.1 represents a basic vehicular communication scenario. As developing entire 
VANET scenario in real-time environment is very costly, time-consuming and difficult 
to analyze. A simulated environment is created which resembles real-time system and 
the entire study is performed. Previously, MATLAB, NS-2, CORSIM etc., were used 
to create simulated platform. Recently, Traffic and Network simulators are the main 
sources to create a simulated environment [7] . Traffic simulators are needed to 
generate position and movement information of a particular vehicle in VANETs 
environment. Network simulators are used to develop communication methods, 
routing protocols etc. and are used to analyze system performance. 
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1.2 Problem Statement   
Previous studies on VANET focused more on developing and implementing 

various models undergoing different technologies. The nature of network is heavily 
dependent on the technology used. Over the period of time and due to the changing 
trends in modern technologies, these cannot satisfy the present-day needs and does not 
create an impact on creating a solid communication model. Apart from this, many 
researchers focused only on single category of the vehicular communications and 
developed a scenario based on that. This is not sufficient enough to develop a reliable 
and stable communication pattern in the vehicular networks.  

There are many parameters like high mobility, congestion, high dynamic nature in 
topology. All these parameters have to be considered and there is a need to develop a 
communication model which casts all categories of VANETs within a single scenario. 
Also, implementing these models in different traffic environments needs to be 
performed. Moreover, the performance of different models has not been well measured 
since individual researcher uses different simulator and performance metrics for 
performance evaluation. Because of these problems, there is a need to develop a stable 
communication model which can withstand different environments of VANET.   

1.3 Aims and objectives 
Stable data exchange without any network or exterior interruptions is the main 

problem faced by the vehicular commination systems. This is because the 
communications between vehicles, infrastructure and other devices are mainly wireless 
based. There is a high possibility of disconnection in cities due to heavy vehicle 
density and more intersections. In case of highways, it is due to high mobility of 
vehicles and high dynamic nature in topology. In case of cities, it is due to high vehicle 
congestion and irregular traffic pattern. These problems decrease the chances of 
attaining stable data exchange. There is a need to suggest a vehicular communication 
model, which provides decent connectivity options and also enhances the reliability of 
communication among vehicles. The main goal of this research is to develop a 
communication model using traffic and network simulator to cast these categories of 
vehicular communications together to suggest a reliable communication solution 
approach for the vehicles in urban and highway traffic. 

Evaluation of above approach in real environment requires a large amount of 
resources and also the analysis of system is very complicated. Therefore the suggested 
approach is developed and analyzed in Network Simulator-3 (NS-3) using Simulation 
Of Urban Mobility (SUMO) [8]. Our objectives are as follows:  

 
a) Understand the system architecture for wireless-based vehicular 

communications.  
b) Implement Vehicle to Vehicle (V2V), Vehicle to Infrastructure (V2I) and 

Vehicle to Anything (V2X) to provide a reliable communication.  
c) Investigate the characteristics of all three categories of vehicular 

communications in the urban and highway traffic scenarios.  
d) Investigate how the performance parameters i.e., Throughput, Packet-Drop, 

Propagation-Delay and Packet Delivery Ratio (PDR) are effected in both 
urban and highway mobility, when implementing all three categories of 
vehicular communications.  
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1.4 Research questions  
The following questions are considered to perform the research.  

Research Question 1:  
Is it possible to implement all three categories of vehicular communications 
models to provide a reliable communication in an urban and highway mobility? 
 
Research Question 2:  
How to develop a simulation model in a Network Simulator 3 to implement all 
three categories of vehicular communications in an urban and highway traffic 
scenario? 
Research Question 3:  
How does the performance parameters are effected in an urban and highway traffic 
scenario, when implementing all three categories of vehicular communications? 

1.5 Related Work 
Several VANET models have been defined in previous literatures. There is a need 

to develop new models and protocols, in order to integrate evolving technologies over 
the period of time. The history of VANET begins with the traditional Mobile Ad-hoc 
Networks (MANET) dissemination approaches. Several applications for MANET had 
been analyzed to develop a concrete scenario [9].  

Implementing DSRC standard is a great breakthrough in VANET communication 
models [10]. A subtle introduction about DSRC is provided in this research paper. 
Evolution of communication standards in VANETs and the need to develop DSRC 
standard is discussed. The authors presented a small system which reviewed the 
challenges and limitations of DSRC wireless standard. 

Introduction to vehicular communications is clearly presented in [11]. An 
overview about VANET systems and standards are discussed. Various routing 
methods along with the demand of network simulation to develop new models are 
justified. The authors of [11] suggests a new idea for mobility patterning to develop 
communication model.  

The authors of [12] discussed about the importance of mobility models in 
VANETs. They present an overview and comparison of large range of mobility models 
proposed for VANETs. They also explain the nature of mobility models and how these 
patterns affect the performance of overall communication behavior.  

Routing is a major issue in VANET, an AODV and DSR routing protocols are 
discussed in [13]. The authors show that DSR routing protocol outperforms AODV in 
terms of throughput and packet drop, and AODV performs well if there is a need for 
on-demand communication. 

This authors of [14] report the implementation of VANET scenario with cellular 
technology. They implement both V2V and V2I scenarios and also do the evaluation 
on the network statistical characterization. Their suggested model has a main 
drawback as it is quite difficult to implement in real-time environment. Even DSRC 
overcome cellular technology in many aspects.  

 
The authors of [15] describes the decision pattern of data delivery at intersections 

in urban environment. They suggest a solution based on mathematical analysis for 
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condition prediction on delay. The authors of [16] mainly discuss about the impact of 
buildings on the V2V communication in urban environments. Only V2V 
communication scenario is analyzed in geometry based path loss model. They show 
that the congestion aware algorithms which react to environment changes needs to be 
developed to improve reliability in communication.  

 
The authors of [4] shows the feasibility of using infrastructure nodes in vehicular 

networks. They also present their suggestion about integrating RSUs with OBUs in 
vehicles. They propose a new model of implementing RSUs in the network. This mode 
can exploit the low overhead packets provided in WAVE standard. The authors of [17] 
show that the deployment of RSUs also affects the communication behavior of 
VANET. Their work is decision making on the optimum placement of RSUs within 
the network by deriving some mathematical. 

 
This authors of [18] investigate both single-hop and multi-hop broadcast strategies 

for information dissemination in VANETs. They carry out the work in two urban 
scenarios, and show that multi-hop broadcast strategy works better in both the 
scenarios. Beaconing a broadcast technique discussed in [19]. Thea authors provide a 
mathematical analysis on how beacons work and how they are these useful in 
developing a congestion control mechanism. Beacons are mainly helpful to discover 
routing path from source to destination. 

 
The author of [33] describes about the implementation of VANET scenario on 

highway mobility model with varying vehicular speeds. The main motivation of this 
paper is to find out the performance metrics of the vehicular scenario among different 
vehicular speed. The author of [34] discusses about different vehicular mobility 
models and clustering effect impact on a highway scenario. This paper compares the 
performance of obstacle-based method developed for common and simplistic channel 
models. 

 
This research of this thesis is focused on the development on a reliable 

communication model for vehicles in an urban and highway traffic. A communication 
model is simulated and its characteristics are examined. The performance evaluation is 
conducted with the aim to show the statistical behavior of the suggested 
communication model. 

 

1.6 Split of Work 
 
Section Topic Section Contributor 

 
1 

Introduction 

 

Sai Anoop Nadella 
Nikhil Reddy Araga 

2 Methodology 
  

Sai Anoop Nadella 
Nikhil Reddy Araga 

3 Vehicular 
Communications 

3.1, 3.2, 3.3 Sai Anoop Nadella 
3.4 Nikhil Reddy Araga 

4 VANET Network 
Modelling 

4.1, 4.2, 4.4 Sai Anoop Nadella 

4.3,4.4,4.5 Nikhil Reddy Araga 

5 Simulation Modelling & 
Setup 

5.2, 5.3, 5.4, 
5.6 Sai Anoop Nadella 

5.1, 5.4, 5.5,5.6 Nikhil Reddy Araga 
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6 Results & Analysis 6.2 Sai Anoop Nadella 
6.1, 6.3 Nikhil Reddy Araga 

7 Conclusion and Future 
Work  

Sai Anoop Nadella 

 
Nikhil Reddy Araga 

 

1.7 Outline  
Chapter 2 gives detailed description about Research Methodology adopted to 

conduct the thesis work. The description about theoretical study is presented in chapter 
3 and 4. Chapter 3 discusses about different vehicular communication models and their 
standards. Chapter 4 highlights VANET network modelling, mobility models and 
network modelling. In chapter 5, an empirical work of study is presented to discuss 
about the simulation methods and techniques used in this thesis work. In Chapter 6, a 
set of performance metrics is investigated and the evaluation results are presented 
better understand the statistical characterizations of the modelled VANETs through 
NS-3 and SUMO. Finally, conclusion of the research study and future work are 
presented in chapter 7.  
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2 METHODOLOGY 
This chapter discusses the methods inquired to conduct the research. The research 

has been done in formal way of scientific methodology which includes both 
conceptual and empirical approaches [20]. The necessary study of literature and the 
text information is gathered which is an integral part of conceptual approach. Practical 
investigation and implementation of the study is the part of empirical approach. A 
sequential data collection pattern is implemented as the data resembles both conceptual 
and empirical information. 

2.1 Conceptual approach 
    Conceptual Approach is primarily based on exploratory research and is intended 

to gain an understanding of underlying reasons, opinions, and motivations. It provides 
insights into the problem and helps to develop ideas or hypotheses for potential 
quantitative research. The underlying strategies for qualitative approach are 
“disciplines, elemental theories, intrinsic phenomenon and case studies”. For this 
thesis work, the conceptual approach is used in the following way:  

2.1.1 Literature Study  

A literature study is accounted for establishment of a guiding concept for the study 
of specific topic. Information seeking and Critical Appraisal on a topic of study helps 
to come up with a profound literature review. The main purpose of this review is to 
convey the previous knowledge and ideas that have been established on the topic along 
with its strengths and weaknesses. Well defined books on wireless ad hoc networks 
and online databases like IEEE, Research Gate are used for comprehensive literature 
review. They are beneficial to collect and analyze suitable data, which assist in 
answering the research questions. 

2.1.1.1 Challenges in Vehicular Communications  

This section presents the structure and categories of vehicular communications. A 
detailed literature study helps to gain knowledge about the architecture of vehicular 
communications and VANET’s along with its communication behavior and routing 
protocols. A study on DSRC, 3GPP and 802.11p Wi-Fi model is performed and it is 
useful for selecting a suitable communication pattern for reliable communication. 
Furthermore, the study is performed on the V2V, V2I and V2X scenario and the 
complications involved with the mobility behavior of the vehicles in an urban and 
highway traffic environment. The goal of conducting detailed literature review on 
VANET communication patters is to check if it is possible to implement all three 
models.  The literature review is conducted to enquire the challenges that have become 
major concern in vehicular technologies regarding information exchange in a reliable 
way. Moreover, this study helps us in answering first research question. 

  
RQ1. Is it possible to implement all three categories of vehicular communications 
models to provide a reliable communication in an urban and highway traffic 
environment? 
 
 



 

15 
 

2.2 Empirical approach  
  
 An empirical study is accounted for establishment of an experimentation and 

observation for the study of specific topic. Experimentation mainly includes 
constructing a structure of the system, simulations and analysis on the results obtained. 
Observation includes the statistical and graphical analysis of the acquired results/data 
which are expressed numerically. The underlying strategies for empirical approach are 
“experimentation, statistical observations, survey inquiry and phenomena finding”.  

2.2.1 Network Design and Simulation Experiment  
  
Selection of simulation tool is important to validate the findings. Two tools NS-

3(Network Simulator-3) and SUMO (Simulation of Urban Mobility) are selected to 
conduct experiment. With the help of these tools, network scenario is developed to 
investigate V2V, V2I and V2X communication models in an urban and highway 
environment. In this design, several parameters are considered and each of them must 
be carefully configured in order to avoid complications. This helps to answer the 
second research question.   

 
RQ2. How to develop a simulation model in a Network Simulator 3 to implement all 
three categories of vehicular communications in an urban and highway traffic 
scenario? 
 
 

2.2.2 Results & Analysis  
  

Various simulations are conducted to generate the results with respect to the 
designed network scenario. The analysis includes involvement in a proof of concept 
and analysis of performance metrics. This helps to reach the conclusion of this study.  
Here, this helps to answer the third research question.  

 
RQ3. How does the Performance parameters are effected in an urban and highway 
traffic scenario, when using all three categories of vehicular communications? 

 



 

16 
 

3 VEHICULAR COMMUNICATIONS  

3.1 Introduction to Vehicular Communications 
Transportation became one of the primary need for humans to survive. It is 

essential to develop a safer and better transportation system at least for our future 
generations so that we can reduce the fatalities caused due to the lack of proper 
transportation mechanisms. Vehicular communication systems are being developed to 
enhance safety and eliminate excessive costs of traffic collisions. This is the giant leap 
on developing efficient transportation systems. 

Previously, many technologies have been developed and deployed to manage and 
assist transportation.  But many of them were outdated due to the continuous 
exploration of possibilities by newer techniques. Due to the increase in need of 
intelligent transportation systems, vehicles need to have computing, communication 
and sensing abilities. These functions will enhance transportation safety and 
efficiency. The key aspect of vehicular communication system is to expand the horizon 
of information relevant to driving safety, transportation efficiency, and thus providing 
and integrating information services as well as improving the service quality. 

This chapter is intended to present the concept of VANET and its challenges and 
standards.  

3.2 Wireless Ad-Hoc networks and MANET 
A wireless ad-hoc network is a decentralized type of wireless network [9]. This 

network does not rely on the pre-existing infrastructure (routers, access points, etc.). 
As the network is dynamically structured, the data transmission mainly depends on 
devices (nodes). Every device has particular status in the network and can 
cooperatively associate with other ad-hoc devices within its link range. In wireless ad-
hoc networks, no fixed network topology is used. Therefore, different nodes need to 
adapt the runtime topology due to their own dynamic behavior. MANET is one of 
classical network topologies for wireless ad-hoc network.  

MANET (mobile ad-hoc network) is an autonomous and self-configuring 
infrastructure with multiple mobile devices connected by wireless links. Every device 
in MANET has an independent mobility behavior and will therefore alters its 
connectivity to other devices frequently. Every node has to forward data unrelated to 
its own use as each node itself acts as a router. Some of the major characteristics of 
MANET’s exhibit a dynamic changing topology, inferior link capacity, multi-hop 
transmission, distributed operation and shared physical medium. 

The security is also one of the biggest concern in MANET. A lot of threats arises 
because of the dynamic topology. Security measures like authentication, 
confidentiality and authorization are taken to overcome these problems. There are 
several routing protocols developed to ensure a loss-less transmission of data from 
source to destination. There are some standard routing protocols like AODV, DSR, 
DSDV and OLSR. Each routing protocols behave differently, depending on the 
network behavior. 

VANET is also a sub-class of MANET. Further, this chapter mainly focuses on 
VANET topology and its architecture. The protocols and functions are extensively 
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studied in order to judge about their reliable communication behavior in vehicular 
communication system. Fig.2 presents a basic structure of Wireless Ad-hoc network. 

 

 
Figure 3.1 Basic Structure of Wireless Ad-Hoc Network 

3.3 VANET IN GENERAL 
VANET is a sub class of MANET where vehicles are treated as nodes and 

communication is achieved between vehicles and nearby infrastructure nodes. VANET 
also has its roots in ad-hoc networks, but completely differentiated from other 
networks by their own characteristics. Nodes (vehicles) move in an organized fashion 
in a geographic topology. There is a chance to predict the future position of vehicle if 
road information is readily available. Most of present-day vehicles are provided with 
sufficient computational and power resources. These are very helpful in eliminating 
the need of complicated energy-aware algorithms. 

However, VANET consists of some potential challenges and characteristics like, 
very large scale network and high mobility behavior due to the dynamic vehicular 
environment. Also, vehicles are moving at high speeds and their position is changed 
continuously. VANET’s are employed in potentially large scale environment which 
includes many working participants and they are spread across the entire road network. 
There will be no burden on vehicles for adding extra weight for antennas and 
additional hardware. 

Regardless of any network scenario, all participating vehicles share the same 
access medium via wireless propagation and this may lead to problems, which are 
related to connectivity and security. Suitable measures should be taken to avoid these 
problems. 

 

3.3.1 ARCHITECTURE  

 This part describes the system architecture for vehicular ad-hoc networks. The 
main components are introduced from domain view. The clear interaction and 
explanation are given in the later stages of the document. 
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According to the IEEE 1471-2000 architecture standard guidelines, The VANET 
system can be divided into two domain entities: the mobile domain and infrastructure 
domain [17]. 

The mobile domain is again divided into two parts: the vehicle domain and mobile 
device domain. The vehicle domain consists of all types of cars and automobiles which 
roam on roads. The mobile device domain comprises of all kinds of portable devices 
like personal navigation devices, smartphones etc. 

The infrastructure domain is also dived into two domains: the roadside 
infrastructure domain and central infrastructure domain. The roadside infrastructure 
domain mainly contains roadside entities like traffic lights, navigation route points etc. 
The central infrastructure domain consists of traffic management center and vehicle 
management center.  

However, the deployment of VANET architecture varies from region to region and 
there are important devices that must be installed to create a VANET scenario. They 
are known as On-Board Unit (OBU) and Road-Side Unit (RSU). 

OBU is a hardware component installed on every vehicle which enables vehicles 
to communicate with other vehicles. The software design on OBU’s can provide 
computing, communication and sensing abilities to the vehicle. A Global Positioning 
System (GPS) is also integrated with OBU which helps to know the position of the 
vehicle. Every OBU is provided with a user interface which displays data about 
vehicle’s operation. 

RSU is a hardware component installed on traffic light or access point, which 
allows information dissemination on roads along with the vehicles. The RSUs are 
placed at certain positions where maximum number of vehicles are in motion. The 
RSUs have very high communication range when compared to OBUs. 

3.3.2 COMMUNICATION ARCHITECTURE  

The communication architecture of the VANETs are developed on par with the 
Intelligent Transportation Systems where the vehicle itself acts as a sender, receiver 
and router for transmitting information. The VANET system uses OBUs and RSUs to 
deal with communications between vehicles and road-side infrastructure. There are 
three different communication models in VANET. 

3.3.2.1 V2V Communication Model 

V2V communication is an automobile technology designed for vehicles to talk 
with each other over a wireless medium. This can be expressed as the dynamic 
wireless exchange of data among vehicles travelling in the same vicinity which offers 
opportunities for significant safety improvements. The motto of V2V communication 
is to prevent and avoid traffic collisions by allowing vehicles in transit to send 
information like position, speed and other data across an ad-hoc network. Fig.3.2 
presents a simple V2V communication model. 
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Figure 3.2 V2V Communication model  

Depending on the technology used, the vehicle’s driver receives a warning 
message and he can take some pre-emptive actions to avoid collision. An effective 
V2V communication could result in an improved traffic management system and also 
provides information exchange services across vehicles. As V2V communication is 
developed as a part of Intelligent Transportation Systems. It is currently in the 
developing stage and this technology could become mandatory in the near future. 

V2V could be a mesh network, where every node (vehicle) could send, receive and 
retransmit data across the medium range. As these are convectional communication 
systems, standardization of the protocols ensures interoperability. The network is 
deployed according to the road constraints and the amount of vehicles travelling varies 
from place to place. 

The communication mechanism is performed by OBUs which are installed in 
vehicles. This small equipment is responsible for data exchange and data processing. 
There are several standards implemented for effective V2V communications which 
includes Cellular technology, Wi-Fi, Bluetooth, Ultra-Wide Band (UWB) etc. Of all 
these standards cellular technology and Wi-Fi are commonly used in developing V2V 
and VANET scenario.  

The V2V channel propagation knowledge for different scenarios helps to design 
and build V2V systems. Now most V2V communications are performed using IEEE 
802.11p WAVE which operates at 5.9GHz frequency. Previously measurement 
campaigns were conducted at carrier frequencies outside 5.9GHz. These afore-stated 
measurements have shown notable changes in results conducted in the similar 
environments. Therefore, design campaigns are conducted at 5.9GHz band to develop 
stable V2V systems. 

There are two distinct scenarios considered where VANET can be deployed based 
on environment are urban and highway. As the vehicle density, high mobility, dynamic 
nature in topology and connection probability enabling vehicular communication in an 
urban and highway scenarios are relatively different, the V2V system developed 
should satisfy all the constraints within the scenario. 
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3.3.2.2 V2I Communication Model 

 V2I provides wireless data exchange for critical safety and also operational data 
between vehicles and roadside infrastructure. V2I is developed as part of the 
Intelligent Transportation Systems and mainly intended to enhance traffic management 
by periodically transmitting safety messages to vehicles within the vicinity or 
infrastructure nodes. The static nodes act similar to wireless LAN access points. 

Road-side unit (RSU) plays a key role in V2I communication. RSUs do not have 
mobility behavior as they are installed in traffic lights or access points. Due to the high 
costs required in deploying the RSU, these should be placed in such a way where 
many of the vehicles are in motion i.e. traffic junction/intersection, highway service 
areas etc., [21]. The coverage range of RSU also decides the communication behavior 
in the VANET. Fig.3.3 represents a basic V2I model. 

 
Figure 3.3 V2I Communication model 

There are typically many distinct scenarios where VANET can be deployed based 
on environment. As the vehicle density and connection probability enabling vehicular 
communication in urban scenario is relatively high. The possibility of RSU 
deployment facilitates V2I communication is more in urban when compared with 
highway scenario. 

The V2I is satisfactory only when OBUs in vehicle can communicate with RSUs. 
This can be achieved by RSUs constantly broadcasting message of its presence to the 
vehicles. If vehicle is within the communication range of RSU, the OBUs give 
response to the RSUs message indicating the vehicle’s speed, velocity and position. 
Sometimes, RSU broadcasts emergency messages indicating traffic collision or 
congestion etc. to OBUs and driver can operate their vehicle accordingly.  

3.3.2.3 V2X Communication Model 

V2X can also be referred as Hybrid Communication model which integrates both 
Vehicle-to-Vehicle (V2V) and Vehicle-to-Infrastructure (V2I) [22]. V2X is mainly 
developed to enhance the co-operation and co-existence of these two different 
approaches which can ensure a good connectivity in Vehicular Networks. V2X aims to 
provide seamless connectivity and dynamic data exchange between vehicles and 
infrastructure. Fig.3.4 represents a typical hybrid communication model. 
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Figure 3.4 Hybrid Communication model 

In V2X, a vehicle can communicate with roadside infrastructure with the help of 
other vehicles in a multi-hop fashion when RSU’s are not accessible (due to distance 
or connectivity).  This enables long range connectivity and even vehicles which are far 
away can connect to infrastructure. Vehicles can act as barrier between V2V and V2I 
scenario. As a vehicle is involved in both modes of communication, the protocol 
switching decision is taken on the basis of optimal path selection technique.  

Previously, various cluster based approaches were developed, due to heavy 
complexities like asynchronous data exchange, cluster head formation, security issues 
etc., further advancements in this sector was not possible. As vehicular networks are 
heterogeneous systems, advancement in V2X model helps to create better information 
dissemination and communication patterns.  

3.4 VANET PROTOCOL STANDARDS 
DSRC system is specifically designed for vehicular networks which enables short 

and medium range communications. This technology operates at 5.9GHz band which 
is mainly intended to enhance safety and other data exchange applications [10] [23]. 

DSRC framework supports vehicle speed up to 200km/hr and has a transmission 
range of 300m and the default data rate of 6Mbps. DSRC also ensures backward 
compatibility between the ongoing and previous technology i.e., an older version of 
DSRC device has to be able to understand the applications from the newer DSRC 
devices. 
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Figure 3.5  IEEE 802.11p WAVE Reference Architecture 

DSRC accompanies IEEE 802.11p WAVE standard as presented in Fig.3.5, 
designed primarily for VANETs based on previous standards for Wireless LANs. This 
is mainly intended to provide a stable service across the vehicular networks and also 
co-ordinate the operation in rapidly changing network environment. IEEE 802.11p 
likewise characterizes procedures and interface functions that are controlled by the 
MAC layer. Hence, it is constrained by the extent of the IEEE 802.11 standard, which 
implies that the physical and MAC layers work within a same logical channel. All 
other complexities identified with the DSRC channel are treated by the upper layers, as 
indicated by the IEEE 1609 standards. 

3.4.1 PHY and MAC LAYER 

Due to the very fast node movement in the vehicular environment, protocols 
defined for physical layer must overcome various challenges. Some of them are 
multipath fading, Doppler frequency shifts and sensitivity of radio waves etc. Some of 
these difficulties are resolved by acquainting improvements with current DSRC 
solutions while others yet stay to be tended to in future forms of the innovation.  

Fig.3.6 shows the entire frequency band is broadly divided into six service 
channels (SCH) and one control channel (CCH) with equal bandwidth of 10 MHz each 
one. Every channel is associated with certain application type: from the range 5.855 
MHz to 5.875 MHz is dedicated to ITS non-safety applications (Information services), 
5.875 MHz to 5.905 MHz is dedicated to safety (traffic efficiency) applications, and 
5.905 MHz to 5.925 MHz to future applications in ITS. The entire spectrum in DSRC 
is divided into 50ms time slots. SCH channels is categorized as low priority channel 
and used to transmit data dissemination messages. CCH channels has high priority and 
used for safety, security and control related messages. 

 
Figure 3.6 IEEE 802.11p Multi-Channel Operation 
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The MAC layer is responsible to maintain reliable and efficient channel access 
over the medium. For any transmission, MAC protocols should be aware of different 
types of applications. There is a need for an efficient medium sharing in VANETs due 
to their topological behavior. IEEE 802.11p WAVE is designed to overcome the 
limitations like high node mobility, low latency and overhead. 

 

3.4.2 NETWORK LAYER 

Routing is the major aspect of network layer. Implementation of suitable routing 
protocols helps to provide reliable and stable communication. Typically, vehicular 
networks support three different communication paradigms. 

 
 Unicast communication: The process to perform data communication from source 

node to a specific target node within the specified range via single-hop or multi-
hop wireless communication. This mode is commonly implemented in small 
scenarios where very few vehicles comes into play. 
 

 Multicast/Geo-cast communication: The process to perform data communication 
from source node to a group of target nodes. Geo-cast is an exceptional form of 
multicast addressing, where the data is communicated between source and group 
of target nodes defined within a particular geographic position. This mode is 
appropriate for applications that require transfer of messages to various nodes in 
the network. 
 

 Broadcast communication: The process to perform data communication from 
source node to target nodes by the means of broadcasting data. The source node 
sends information to all of its neighbour nodes and the neighbours broadcast 
message forward until the message reach their target nodes. This mode is 
commonly used at path discovery phase in order to find an efficient route from the 
source to destination. 

Various strategies are developed for data forwarding between nodes, Topology-
based and position based routing protocols are most commonly implemented in 
vehicular networks. Topology-based protocols can be further divided into proactive 
(table-driven) and reactive (on-demand) and hybrid. In position-based protocols, nodes 
are fully aware of the locations of origin, its neighborhood and destination. Position-
based protocols can also be further divided into delay tolerant (discontinuous 
connectivity), non-delay tolerant (continuous connectivity). The performance of 
routing protocols relies on upon various factors such as road layouts, node mobility 
etc. 

 

3.4.3 TRANSPORT AND APPLICATION LAYER 

Vehicular networks have some predictable mobility patterns even though they are 
portrayed by discontinuous network and fast topology changes. Vehicles connecting to 
access points for very few seconds to exchange information completely relies on either 
TCP or UDP protocol. Sometimes, these protocols may exhibit poor performance in 
vehicular networks because of high degree of mobility and continuous topology 
changes. Different protocols like Vehicular Transport Protocol (VTP) are developed 
for unicast applications where it probes the network continuously. This may improve 
the performance of network if there are some disruptions in the connections. Typically, 
TCP and UDP are most commonly used in multicast communications. As multicast 
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protocols are state-less, there is need to develop more approaches to overcome these 
problems. 

The application layer takes control over all the notifications and update them to 
driver about ongoing events, weather conditions etc. This layer plays an important role 
in emergency applications. This has to comply with real-time deadlines to guarantee 
that these vehicles are notified on time about the situations. There is a need to 
minimize end to end communication delay which helps to provide enhanced 
application services to vehicles. Various private information services can also be 
developed with the help of application protocols.  
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4 VANET NETWORK MODELLING   

4.1 BEACONING 
Many of the VANET applications use Multi-hop wireless broadcast for 

information dissemination [18]. Multi-hop broadcast protocols are generally composed 
of two segments: a beaconing scheme and a rebroadcast algorithm. Beaconing scheme 
mainly allows nodes to discover topology while periodically broadcasting status-based 
information to their neighbor nodes. Every vehicle (node) in the network broadcasts its 
position, speed to their neighboring vehicles. Even route discovery between these 
vehicles can also be performed with the help of beaconing[24] . Rebroadcast 
algorithms mainly depend on the beaconing information to make retransmit decisions 
between the destination and source.  

 IEEE 802.11p also refers beacons to the Co-operative Awareness related 
messages that are broadcasted over the Control Channel (CCH).  Beacons are much 
different from unicast WLAN situation as the number of nodes are higher, but the 
supplied load per node is lower. Beacons can be differentiated as periodic broadcast 
messages for neighbor localization. And an event-driven messages to inform neighbors 
about all potential hazards. As beacon implements broadcast mechanism, there is 
possibility that vehicles may receive same message multiple times or some unwanted 
messages that were not intended for them. The PHY/MAC sublayer has to take 
respective measures to drop irrelevant messages through message filtration. Fig.4.1 
provides the concept of beaconing in vehicles. 

 

 
Figure 4.1 Beaconing In Vehicles 

 
As beaconing approaches do not use acknowledgments to indicate beacon 

reception. This beaconing load increase latency in acquiring neighbor awareness. This 
led to congestion in network and affects the performance of overall system. Message 
prioritization, position prediction algorithms and choosing appropriate message 
frequency are some of the methods to overcome negative effects of beaconing. 
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4.2 MULTICATING  
Beaconing can be considered as a part of multicasting. The route discovery process 

is performed with the help of beacons. Multicast transmission perform data 
communication from source node to a group of target nodes. If data is transmitted from 
source to group of destination nodes within a confined geographic region, this process 
is addressed as geo-casting.  

Previously, many researchers presented their views on cluster based multicast 
mechanisms [25]. Because of its advantages, Multicast is implemented in this research. 
All other transmission methods like unicasting were discarded. In unicast, the data can 
only be transmitted from source to one particular destination. Load on the network is 
deliberately increased over time. This also decrease the reliability of the 
communication if the vehicles are far away. Without exception, multicast overcome 
these drawbacks as it adopts beaconing to find route to the destination. Beaconing 
assists to choose the easiest route possible and multiple messages are transmitted to 
different destinations simultaneously. Fig.4.2 expresses the process of multicast 
transmission to multiple destinations. 

 
Figure 4.2 Multicast Transmission of Data Packets 

 
 

4.3 Routing in VANETs  
Routing is the process of selecting best suitable paths to direct packet from source 

to destination. Due to dynamic behavior of nodes in VANETs, developing a routing 
protocol which satisfies all the requirements is difficult. A well-developed routing 
protocols should overcome the complications like route discovery, route maintenance 
etc.  

AODV is one of the decent routing protocol designed for VANETs [26]. AODV 
comes under reactive (On-Demand) routing protocols. The route is discovered by 
flooding with Route Request packets. In other words, routes are discovered and 
maintained only for particular nodes who are currently being active for transmission 
and reception. AODV discovers and maintains routes only when nodes want to 
communicate within the network. Route discovery and route maintenance is also 
carried out on demand basis by AODV. 
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Figure 4.3 AODV Routing Mechanism 

Route discovery is needed whenever source wants to communicate with 
destination concerning to forward data packets. As in Fig.10, AODV uses route 
discovery by broadcasting RREQ (which contains source and destination nodes 
sequence numbers) to all its neighboring nodes. When neighbors receive RREQ, they 
again rebroadcast RREQ to their neighbors. This process is repeated until the message 
reaches destination. A RREP request is generated by destination and forwarded back to 
source node. RREP is transmitted to acknowledge the source RREQ request. This 
broadcasting based route discovery mechanism used by AODV helps to reduce 
network load. 

Route maintenance is effectively carried out in AODV. It completely takes care of 
its routes by ensuring loop free mechanisms. A notification to the source node is 
immediately transmitted if there is any link failure. AODV actively uses neighbor’s 
information to keep track of presently used route.    

4.4 Mobility Model  
There is need to design a model which resembles a real behavior [27]. Many 

constraints come into play like traffic lights, intersections, buildings, trees, vehicles 
behavior. Even very small and minute details must be considered while duplicating the 
real-time systems. Mobility models helps to incorporate these situations into the 
simulated environment. Mobility models also represents the movement of mobile 
users, and how their location, velocity and acceleration change over time. Analytical 
and simulated models can be used to determine mobility models. 

 
Analytical mobility models are developed by assuming the movement of users. 

The inputs are considered with respect to user movement. These models provide 
explanation of simple cases through mathematical calculations. However, simulated 
models provide much more details and realistic mobility scenarios. Complex scenarios 
can be easily explained by executing these simulated models. 

 
Traffic models are the integral part of mobility models. These rely on theoretical 

foundations like network theory, kinematic model etc. Traffic modelling helps 
minimize complications for researchers. Traffic flow models can be sub-divided into 
microscopic and macroscopic models. In microscopic models, traffic flow is assumed 
to be entirely dependent on the individual vehicles and are modelled explicitly.  
Macroscopic model considers the statistical properties of large number of vehicles 
confined within the network. 
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4.5 Urban and Highway scenario 
Traffic modelling is a part of mobility models which represents traffic 

environment of towns or densely urbanized  areas and highway areas [28]. This 
modelling provides better understanding of traffic infrastructure. Urban mobility 
model comprises of junctions with traffic lights which has great influence on the 
vehicle movement. 

 

 
Figure 4.4 Typical City Traffic at an Intersection 

 Red traffic light stops vehicles from approaching, which is an important factor for 
network disconnection. Similarly, green traffic light makes vehicles to move in their 
respective directions. Since, placement of RSUs decides the performance of V2I 
communication, an optimum location must be chosen to place RSU. As from Fig 4.4, 
various vehicles types like buses, cars, heavy vehicles etc., are present and speed 
depends on the type of vehicle.  

Figure 4.5 shows a typical highway traffic environment where vehicles move with 
very high speeds. As there are no traffic lights and junctions to regulate vehicle traffic, 
the vehicles need to be more aware of its surroundings.  

Moreover, speed limits on highways decides the vehicular speed and every vehicle 
should strictly follow these traffic restrictions. Even, RSUs should be placed at certain 
positions like toll gates, highway access points etc. 
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                                       Figure 4.5: Typical Highway Traffic Mobility. 

4.6 VANET MODELLING 
This thesis investigates the behavior of VANET in different conditions. To acquire 

a better understanding, VANETs are implemented under different conditions. This also 
helps to develop co-operative solutions for real time applications. The VANET model 
is divided into four phases which are essentially based on connectivity. Each phase is 
oriented with different connectivity pattern. All vehicles will be in one of the phase.   

 

4.6.1 PHASE-0: 

There is no connectivity in this phase and can be assumed as a totally disconnected 
traffic scenario. It can be represented as vehicles travelling alone in the grid, without 
any known connections with other vehicles or infrastructure. All vehicles are treated as 
an individual with no connectivity via V2V or V2I.  

4.6.2 PHASE-1: 

 There is very limited connectivity in this phase. The vehicles can only talk to 
another vehicles. V2V connectivity can be achieved if the inter-vehicle distance is 
below the fixed connectivity upper bound. As access-points are not available, 
connectivity with infrastructure nodes (V2I) is not possible. This phase exhibits a short 
range connectivity pattern between the vehicles.  

4.6.3 PHASE-2: 

 There is moderate connectivity in this phase. The vehicles can talk to another 
vehicles. However, if a vehicle enters into the wireless region of an associated RSU, it 
is forced to connect with the RSU. Connectivity via V2V is lost if the vehicle is 
connected with an RSU. This phase exhibits a mediocre connectivity as vehicles are 
bound to be either in V2V or V2I. 

4.6.4 PHASE-3: 

 There is very limited connectivity in this phase. The vehicles can talk to another 
vehicles and RSUs. They can fairly connect with any of the other vehicles or RSUs 



 

30 
 

and the connectivity options are entirely left to vehicle choice. There is a typical 
connectivity where vehicle can connect to RSUs with the help of other vehicles. This 
phase exhibits long range and stable connectivity between the vehicles and 
infrastructure. 

Each phase can be described as follows. The vehicles are completely disconnected 
in Phase-0. There are no connections with other vehicles and infrastructure because 
hardware is not installed on any of the vehicle. This phase is completely useless in 
VANET scenario and specified only to point difference between a connection and 
connection-less environment. In Phase-1, the vehicles can exchange messages with 
other vehicles in a multi-hop fashion. The stability of V2V connection can be studied 
in this phase. In Phase-2, the vehicles are free to connect with other vehicles. 
However, if a vehicle enters a wireless region of RSU, vehicles are forced to connect 
with an RSU. This phase describes about the V2I connectivity issues. The Phase-3 is 
most prominent phase where vehicles can opportunistically communicate with both 
V2V and V2I. The vehicles can completely communicate with other vehicles and 
RSUs. Even vehicles who cannot access RSUs can access them with the help of other 
vehicles. This phase helps to avoid disconnections in the network and ensures stable 
communication within the network. 
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5 SIMULATION MODELING & SETUP  

5.1 Simulation   
“Simulation is the technique of solving problems by the observation of the 

performance, over the time, of a dynamic model or the system” [29]. In general, 
simulation is an imitation of a real world process over time. Firstly, a model has to be 
defined, which represents characteristics or functions of a physical process. Fig 5.1 
depicts the modelling process.  

 

Analyze Model  Construct Model 

 Execute Model  
  
 

5.2 Simulation tool/ Simulator 
In this study, SUMO and NS-3 are used to simulate a required vehicular 

communication scenario. To simulate a VANET scenario, a mobility model is 
required. Real-time maps can be imported with the help of OSM. OSM is a 
collaborative open source project to create editable map of a place on earth [30]. A real 
time map can be chosen which can have exported in.OSM format. This can be later 
converted into required format to generate boundaries, traffic and motion patterns.  

SUMO is an open source software which contributes in developing intermodal 
traffic systems [31]. SUMO provides a microscopic simulation, which helps in 
handling large networks. With the help of SUMO, real world maps can also be used 
for developing mobility models. 

Integration of OSM map and SUMO requires different conversions like 
NETCONVERT, POLYCONVERT etc. NETCONVERT which are used to store road 
network in SUMO-environment. OSM data not only contains the road network but 
also other elements like buildings and rivers. These polygons can be imported by 
POLYCONVERT. Fig.5.2 shows a simple road network generated by SUMO. 

 

Figure 5.1 Modelling process 
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Figure 5.2 Road Network Generated in SUMO 

 
After developing mobility model in SUMO, these files are fed into NS-3 to render 

a communication behavior. Network simulation module is required to establish 
communication mechanism between mobile vehicles and infrastructure. Other network 
simulators are available in market, some of the commonly used simulators are: NS2, 
NS, OMNET + +, OPNET. 

 
 

5.3 Network simulator-3 
NS-3 is an open-source discrete event simulator for Internet systems, targeted 

primarily for research and educational use [32]. It provides an extensible simulation 
platform. NS-3 is an updated version of NS-2 which is completely different in most 
of the technical aspects. The scripting language in NS-2 was developed using OTcl 
format and simulation results can be visualized by network animator (NAM). But, NS-
3 models are scripted using C++ and python. It provides a detailed structure on how 
data packets perform within a predefined network topology. The development of real-
time systems are very difficult, so NS-3 provides a framework for easy development of 
this real-time environment. NS-3 provides many modules to perform large scale 
simulations. Components of NS-3 is presented in Fig.5.3.  

 

 
Figure 5.3 Components of NS-3 
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Some features of NS-3 that differentiate it from other network analyzers available are: 

• NS-3 can be integrated with other software such as animators and tools for 
visualization.  

• NS-3 also provides base level abstraction with respect to NS-2, making it a 
better solution for real time system simulations.    

• NS-3 is modular and hence provides different models to develop network 
topology easily. 

 
Ns3 provides tracing and statistics gathering framework, which makes user to 

customize output without reconstructing core. Another important feature provide by 
NS-3 is tweaking or logging. There are seven levels in which logging can be used in 
NS-3 to increase verbosity. 

 
• LOG_ERROR — Log error messages  
• LOG_WARN — Log warning messages 
• LOG_DEBUG — Log relatively rare, ad-hoc debugging messages 
• LOG_INFO — Log informational messages about program progress 
• LOG_FUNCTION — Log a message describing each function   
• LOG_LOGIC – Log messages describing logical flow within a function 
• LOG_ALL — Log everything mentioned above 

 
For a system to perform more realistic and to provide reliable data, it needs a 

topology on which it has to be built. So building topology is an important task in any 
network simulator. NS-3 provides topology helpers for users to build scenarios more 
easily and effectively. The main components of NS3 are nodes, net device, channel 
and application. These components are key parameters to any simulation.   

 
NODE: 
In this internet world, every device which connects to network is called host. Hosts 
are referred as nodes in NS-3. The node class in a simulation manages all 
computing devices. In other words, node mainly is a computing host with some 
additional functionalities. 
 
APPLICATION: 
The application section deals with user output requirements. The NS3 provides 
application class for managing and representation of user-level applications. 
 
CHANNEL: 
In NS3, channel enables nodes to communicate or form a topology. There are 
specialized versions of the channel called CSMA channel, point-to-point channel 
and Wi-Fi-channel provided within NS-3.  
 
NETDEVICE: 
For any device to connect a network, a peripheral card needs to be installed on the 
device. Same as real system, a node in a simulation has a class net device which 
manages all peripheral things of that particular node. This net device component in 
a simulation enables a node to connect to a channel.  
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5.4 Network participants and deployment  
  
Establishing network design is a tricky job where various parameters comes into 

play. The network comprises of mobile nodes (vehicles), road structure, obstacles and 
traffic signals. This section provides a brief explanation about the role of network 
participants while configuring and deploying a simulated setup.  

5.4.1 Road topology  

With the help of road network topology, vehicular behavior within a specific 
region could be studied. The movement of vehicles are entirely confined within the 
road pattern. Every vehicle is different from each other and even the same vehicle 
behaves differently on highways and at traffic junctions. Even the number of vehicles 
travelling in highways are very high when compared with vehicles travelling on city 
roads. In simulator, it is necessary to construct roads which resemble the real roads. A 
typical road topology is constructed by creating number of lanes, width of roads and 
intersections, placement of obstacles and traffic lights. Road topology is constructed 
with SUMO and OSM. 

5.4.2 Mobile Nodes (Vehicles) and Static Nodes (RSUs)  

Vehicles/cars are the network participants used to communicate among 
themselves. The movement of vehicles are entirely limited to road topology. The 
movement is random in nature and a unique IP address is assigned to each vehicle.  

RSUs are also an important entity in Vehicular networks. Placement of RSUs has 
phenomenal impact on entire network. RSUs should be placed at an appropriate area 
where various vehicles pass through the wireless region of RSU. Vehicles and RSUs 
are deployed in the road network with the help of SUMO. 

5.4.3 Obstacles and Traffic signals   

As the research is also performed in an urban environment, buildings are 
considered as obstacles. Buildings sometimes block radio signals which in turn 
decreases the efficiency of the network. Properties of obstacles are set properly in the 
simulator to design more realistic network.  

Without traffic signal, there is no completeness in urban environment. Traffic 
signals are used to regulate traffic which in turn may interrupt the communication and 
also speed of vehicles is varied. Placement of traffic signals also impacts the 
communication pattern. Traffic signals are placed in road topology with the help of 
SUMO. 

5.5 Performance metrics   
Various performance metrics were used to analyze the behavior of VANETs under 

different network environments. Throughput, PDR, propagation delay and packet drop 
are parameters considered to analyze the performance of VANET in an urban and 
highway traffic scenario. The reason behind selecting these metrics is to check the 
performance and effectiveness of designed models in these highly mobile traffic 
environment.  
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5.5.1 Throughput    

Throughput provides information about bandwidth of successful data delivered at 
the destination node. It is also defined as the load on data packets that received 
successfully at the destination. Throughput essentially can be linked to bandwidth 
consumption.  

Throughput can be varied by factors such as limitations of the channel, load on the 
system, vehicle mobility, and various protocol overheads. Throughput is normally 
measured in bytes/sec or packets of data per second. Since throughput depends on 
packets received, size of packet and simulation time. 

 

 

5.5.2 Packet Delivery ratio (PDR) 

 Normally throughput provide information about the load on packets/bytes 
received at destination over unit time. But packet delivery ratio is the ratio of actual 
packets delivered to total packets generated at source. Packet delivery ratio measures 
the rate of losses and also characterizes the efficiency of the transmission. The PDR 
has to be very high for any system to perform well and to obtain the desired result. For 
any reliable communication this PDR value is always high. 

5.5.3 Propagation Delay 

The reliability of vehicular communications mainly depends on the propagation 
delay. Propagation delay is the average time taken for any data packet to travel through 
the network.  

Delay can be very sensitive, as it cannot be tolerated in VANET applications.  The 
propagation delay has to minimum for a system to reliable. Due to the rapidly 
changing topology, delay between vehicles should be minimum to achieve an effective 
communication pattern. In urban environment, buildings and trees may obstruct radio 
signals and may cause delay. All these parameters must be considered while designing 
VANET model. 

5.5.4 Packet Drop 

Packet drop mainly deals with loses of data packets in the process of delivery.  
There are many factors that could influence the packet delivery, few of them are 
channel load, congestion, hardware fail, overflow of queue and connection timeouts 
etc. High packet drop effects the network performance which in turn leads to entire 
system failure. So, there is a need to achieve less packed drop while transmitting data 
from source to destination.  

 

5.6 Simulation Setup  
There are set of steps followed to create VANET simulation. Entire network is 

created in the SUMO simulator and then, output of SUMO is fed to NS-3 to model the 
communication behavior. The following steps provide clear understanding of the 
simulation setup.   
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5.6.1 Road Setup  

In this step, roads networks and vehicle’s behavior are designed. A real-time road 
map is selected from OSM and the map is fed to SUMO. All vehicles, road obstacles, 
traffic lights, access points (RSUs) are generated with SUMO and are embedded in the 
real-time map.  The appropriate speed and behavior of vehicle is then designed. 
Finally, the positions of entire network is segmented and vehicular movement in the 
road network is checked.  

5.6.2 Network Setup  

This is important step for the simulation setup. In this step, the entire road 
topology is given to the NS-3 where vehicle communication behavior and network 
behavior is designed. Firstly, all vehicles are treated as nodes and a distinct IP Address 
is assigned to each vehicle. Then installing WLAN device on each nodes and selecting 
a routing protocol for communication. External parameters like simulation time, 
packet size and network bandwidth are then considered at the final phase of network 
setup. The simulation is implemented on these selected parameters.  

Other important settings for simulation and communication among various nodes 
such as defining the total simulation time, signal selection, communication type etc. In 
this simulation study the following network parameters are considered:  

• TCP/IP network transmission mode. 

• 802.11p standard implemented on each vehicular node.  

• 1024 bytes of UDP packets used for communication.  

• 10, 20 to 50 nodes are selected for simulation. 

• Total network bandwidth of 1MB. 

5.6.3 Run simulation 

The results are generated from simulation which is performed after making 
necessary changes in network environment. All the phases are simulated and 
performance parameters are evaluated. 

  

5.7 City/ Urban Scenario 
City environment comprises of various streets, junctions, traffic signals etc.  A vast 

city environment can be created and examined in the simulator but, creates 
complexities in setting up a stable VANET model. Also, lot of confusion arises while 
examining the behavior of communication model. For this reason, small urban model 
is designed from the real-time map which consists of two intersections. This small map 
considers all parameters present in a typical urban backdrop. Analyzing 
communication behavior in such a small network will avoid misconceptions and an 
adequate practical study can be performed. All vehicles are considered as private 
entities and special criteria is not awarded to any vehicle. 

For an urban traffic scenario, simulation is performed under three different 
situations varying the number of vehicles per simulation. The simulation is undergone 
in three different working phases. The total simulation area comprises of 2000 square 
meters and entire simulation time for the scenario is 200 seconds. The vehicle can 



 

37 
 

achieve a maximum speed of 10 meters/second. The movement of vehicles and 
distance between them are completely random. This randomness is provided with the 
help of simulator. Performance metrics are analyzed to understand the behavior of 
communication model designed. Fig 5.4 shows the implementation of urban road 
topology in SUMO. Fig.5.5 presents the implementation scenario in NS-3. 

 

 
Figure 5.4 Road Topology of Urban environment 

 

 
Figure 5.5 Implementation of simulated scenario in NS-3  

5.8 Highway Scenario 
Highway scenario presented in Fig 5.6 is developed using sumo tool. The scenario 

presented here consists of topology with high mobility vehicles, which has a minimum 
speed of 30m/s travelling in multiple lanes. Performing the experiment in real time 
scenario is very difficult due to its limitations. Firstly, a mobility model of highway 
with all aspects has to be developed before performing the network analysis. A real 
time highway map is exported from open street map and fed into sumo tool to develop 
the mobility model. 
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Figure 5.6: Road Topology of Highway environment   

The developed model has to be fed into network simulator for network analysis in 
this stage we have taken three phases to perform the experiment. The highway 
simulation area of 2000 sq. meters and entire time for simulation is 200 seconds and 
vehicles with movement speed of 30m/S are taken as input parameters.  Performance 
metrics such as throughput, PDR, propagation delay, packet drop are analyzed under 
three phase of vehicular communications. 

 

     
Figure 5.7: Implementation of simulation scenario in NS-3. 
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6 RESULTS AND ANALYSIS 
This chapter deals with simulation results and detailed analysis on the results 

obtained. As VANET simulation can be performed in different ways which results in 
numerous outcomes. This research strictly analyzes VANET communication behavior 
in an urban and highway traffic environment. AODV protocol is implemented to route 
packets from source to destination. A new model for VANET with different phases are 
considered and simulated one after other.  

From literature study, Hybrid model exhibits better and stable communication 
mechanism when compared with other vehicular models. To validate the literature 
findings, entire simulation is performed in both urban and highway environments and 
diversity between the phases are explained with the performance metrics to conclude 
the research. 

6.1 Urban Scenario  
A simulated environment is created with roads, traffic lights intersections which 

resembles real-time city environment. Without changing the environment, simulation 
is performed under different situations varying number of vehicles per situation. Each 
situation exhibits different behavior under each phase the performance differs in every 
situation. 

The simulation was performed for 200 seconds. 10, 20 and 50 vehicles (nodes) 
were selected as the participants of network and each node movement was random. 
Each vehicle is equipped with 802.11p wireless OBU for communication with other 
nodes. GPS is installed on every vehicle to send their position co-ordinates to the 
neighboring vehicles. Every vehicle beacons periodically and every vehicle select 
random destinations to send their data packets.  Vehicles can achieve a maximum 
speed of 10m/s i.e. 38 km/h. Throughput, PDR, packet drop and propagation delay are 
the metrics considered for simulation. The behavior of VANETs at each phase is 
described clearly in the following subsections. Each input parameter for the simulation 
are described in the following table.  

 
Table 6.1 Input Parameters for Urban scenario 

Parameter  Setting  

Environment Size   2000 sq. meters  

Total number of nodes  10, 20 and 50 

Node Type  Mobile nodes (Vehicles), Static 
nodes (RSUs)  

Vehicle Speed  10 m/s  

Packet Type  UDP  

Packet Size  1024 Bytes  

Simulation Time  200 seconds  

Vehicular range 150-200 meters 
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6.1.1 Throughput  

 Throughput can be expected as the rate of processing packets while being 
transmitted from source to destination. Throughput is calculated in bytes/sec. High 
throughput represents the successful message delivery mechanism.    

  

 
Figure 6.1 Average Throughput with increasing vehicle density at 10 m/s 

 
Fig.6.1 depicts the average network throughput of the three phases with increasing 

vehicle density. Vehicles can achieve the maximum speed of 10 m/s i.e. 38 kmph. As 
the graph suggests, the average throughput of phase-3 is higher when compared with 
phase-1 and phase-2.  

The relative throughput is nearly similar in phase-1 and phase-2 as there is only 
V2V in phase-1 and V2V is enabled in phase-2 along with RSUs. If vehicle passes 
through RSUs connectivity range, it is forced to connect with the RSU. This has some 
positive and negative impact on the communication behavior of VANET. There is no 
much difference in nature of phase-1 and phase-2 until the vehicle passes through 
RSUs wireless region. In phase-3, the vehicle can freely choose to connect with other 
vehicles or RSUs, in turn reduces burden on entire network which exhibits better 
performance than phases-1 and 2. 

Apart from this, the vehicular density also plays an important role in deciding 
network performance, the network with 10 vehicles has less throughput because of the 
large distance between the vehicles and less connectivity options. As the vehicular 
density increases, distance between vehicles gradually decreases and there are more 
connectivity options for vehicles. 

There is no colossal difference in throughput between the phases because the 
network bandwidth, mode of transmission and packet size remains same for all cases.   

6.1.2 PDR 

PDR is completely different from throughput. Throughput only considers the load 
on the packet to reach its destination. PDR considers overall successful packets 
received at destination compared with total number of data packets generated at 
source. Throughput only considers successful packets reception overhead whereas 
PDR takes account of overall samples transmitted. 
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Figure 6.2 PDR Vs Vehicular Density 

 
Fig.6.2 depicts the PDR of the three phases with increasing vehicle density. 

Vehicles can achieve the maximum speed of 10 m/s i.e. 38 km/h. As the graph 
suggests, the PDR of phase-3 is higher when compared with phase-1 and phase-2. 

PDR has shown significant effect with change in vehicular density. As the 
vehicular density increases, distance between vehicles gradually decreases and there 
are more connectivity options for vehicles. An intermediate node plays key role in 
routing packets, high vehicular density promotes easy and effective route selection and 
transmission of nodes to the destination. This is the main reason for low PDR for 10 
vehicular network compared with other networks. Re-transmitted packets will decrease 
PDR in turn increases overhead. This decreases overall performance of network.  

Phases also has some effect on PDR. Phase-3 has better PDR compared with 
phases-1 and 2. This network has great co-ordination with vehicles and RSUs i.e., 
every vehicle can freely choose to connect with other vehicles or RSUs. This is main 
advantage of phase-3. Reliable data exchange is achieved and overall performance of 
the system increases. 

While coming to the real-time scenario, phase-1 and phase-2 are not acceptable 
because of their low PDR characteristics and phase-3 can be adapted because of its 
acceptable PDR characteristics. 

6.1.3 Packet Drop  

Packet drop shows the total number of data packets lost in the process of data 
transmission. Additional time and bandwidth is required to retransmit lost packet 
which effects network performance. Low packet drop was essential to achieve an 
optimal network performance. Packet drop differs from vehicle to vehicle. For better 
understanding, an average packet drop of overall vehicles is considered over the entire 
simulation period. 
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Figure 6.3 Packet drop Vs Vehicular density 

 
Packet drop and throughput is related in a convenient way. There may be many 

transmitted packets and some are lost at intermediate nodes. Packet drop only accounts 
the lost packets during transmission. Throughput only accounts overhead of the 
successful packet received at destination. There may be various reasons for packet loss 
within a network. Inconsistency in node behavior, distance between nodes, routing 
problems, etc. 

 
Packet drop decreases with increase in vehicular density. The reason for high 

packet drop for 10 nodes is due to less connectivity options among vehicles. From 
Fig.6.3, phase-3 shows less packet loss when compared with other phases. Increase in 
vehicular density enhances traffic on the roads which reduces distance between 
vehicles which decreases the probability of packet loss in network. 

 
Nearly half of the total packets sent are being dropped in phase-1 and phase-2. 

These decrease the stability of entire network and consistently increase overhead on 
the network. Phase3 shows an acceptable behavior in terms of packet drop and can be 
suggested to implement in real-time systems. 

6.1.4 Propagation Delay  

Propagation delay is expressed as the average time taken by a vehicle to forward a 
data packet within the wireless region. Low propagation delay exhibits efficient data 
exchange and better network performance. 

 
Fig.6.4 depicts the average propagation delay decreases with increase in vehicle 

density. Phase-3 shows better behavior when compared with other two phases.  
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Figure 6.4 Average Message Propagation Delay for increasing Vehicle Density 

 

Increase in vehicle density reduces the inter-vehicle distance. Because of this, time 
taken to transmit data packet decreases due to low inter-vehicle distance. As the entire 
communication is multi-hop based, propagation delay varies from vehicle to vehicle. 
So, average propagation delay for overall system is calculated. If more vehicles are 
connected to each other, this may have significant effect on the propagation delay 
rates. 

Hybrid model (phase-3) shows effectiveness in terms of propagation delay because 
of its enhanced connectivity support from vehicles and RSUs. Phase-3 seems to show 
very less propagation delay because of its network architecture. This is also the reason 
for 10 vehicles in phase-1 has more propagation delay than other phases.  

 

6.2 Highway Scenario 
In this scenario we deployed a highway environment with three different phases to 

analysis the performance metrics and validate the most reliable phase among all three. 
In first phase v2v communication is setup and the performance metrics are obtained. In 
second case v2i communication is setup and metrics in this case also obtained. In third 
phase combination of v2v and v2i together is established and performance metrics are 
obtained. Now metrics in each phase are compared to validate the best reliable 
communication model. 

The experiment was performed under each phase for 200 second and also buy 
varying the number of nodes such 20, 40 80.  Each vehicular node is developed with 
802.11b wireless module for interaction with other mobility nodes. The nodes move 
with speed of 30m/s which is equal to 108km/hr to represent the realistic nature. The 
vehicular nodes also installed with facility to log or send the coordinate positon of the 
vehicle. Result of the performance metrics are obtained and presented in the below 
diagrams. The input considered for performing the simulation are as follows: 
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Table 6.2 Input Parameters for Highway scenario 

Throughput can be described as total successful packets received at the destination 
node. Throughput is the major performance metrics of any VANET simulation. High 
throughput is the desirable output of any simulation. 

 
Figure 6.5 Average Throughput for increasing Vehicle Density 

The above figure provide the average throughput delivered by simulation in each 
phase with varying vehicular density. The experiment is performed under the 
parameters mentioned above and at the vehicle speed of 30m/s. 

Firstly, in the first section of bar diagram 20 vehicular nodes are consider for 
performing the simulation. The average throughput delivered in each of the three 
phases are presented. We can observe from the figure that the average throughput is 
relatively high in third phase compare to first and second phase. We can analysis that 
the reliability of the phase 3 is much higher compare to other two phases. Since in 
third phase the communication model of v2v and v2i are integrated so the 
comparatively successful transmission on a given bandwidth is very high compare to 
the phase 1 and phase 2.  Coming to comparison of phase1 and phase 2 v2v 
communication provides less throughput when compared with v2i communication 

Parameter    Setting    

Environment Size     2000 sq. meters    
Total number of nodes    20, 40 and 80   
Node Type    Mobile nodes (Vehicles), Static 

nodes (RSUs)    
Vehicle Speed    30 m/s    
Packet Type    UDP    
Packet Size    1024 Bytes    
Simulation Time    200 seconds    
Routing Protocol  AODV  
SUMO Version  SUMO-0.26  
Network Simulator Version  NS-3.25  
MAC Protocol  IEEE 802.11  
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because on a highway mobility model the vehicular speeds are much higher so the 
connection in between vehicles to vehicles so weak due to its high speeds. 

Apart from the above analysis the vehicular density also provided a sustainable 
way for analyzing the network performance. As the vehicular density increases the 
communication in between v2v, v2i and also the phase 3 hybrid model increases due to 
decreasing of the v2 v space or due to more connectivity options. 

There is no colossal difference in performance metrics between phase since the 
bandwidth of the network and packet size or same 

 

6.2.1 PDR 

PDR is the ratio of actual packets delivered to total packets sent. It deals with the 
successful packet transmissions at destination node. PDR also provide details about the 
overall data packets transmitted. 

 

 
Figure 6.6 PDR for increasing Vehicle Density 

The above graph provides a relative information about PDR in each phase 
communication at different vehicular densities. As in highway the vehicles move with 
high velocities so the expected PDR would be less compare to other topologies. As we 
can see that the valve of PDR in phase1 and phase 2 are less when compared to phase 
3. Since in phase 3 combinational vehicular communication model is used, which 
provides a high successive rate transmission. In phase 3 vehicles are provides with an 
option to choose the better communication type between v2v andv2i, so that it 
provides an advantage of having high PDR. 

The vehicular density also plays a significant role in influence the performance 
metric values. As you can see that with increase in vehicular nodes from 20 to 80. The 
valve of PDR also in each phase increased. As number of nodes are increased, the 
communication between the vehicles can be divided into more hops so that the 
information loss would be much less and also the load on the channel decreases which 
result in high PDR values. 
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6.2.2 Propagation Delay 

Propagation delay is the average time taken by any mobility node to forward the 
data to destination. Increase in propagation delay resembles low reliability of the 
vehicular communication. With increase in propagation delay other important 
performance metrics like throughput and PDR decreases so for efficient and reliable 
communication the propagation delay has to be minimum. 

 

 
Figure 6.7 Average Propagation Delay for increasing Vehicle Density 

Above figure represents the propagation delay for different phases of vehicular 
communications with varying vehicular densities. 

We can observe from the figure that the valve of propagation delay in phase1 and 
phase2 are high when compared with phase3. In phase3 v2v and v2i are combined so 
that the vehicle has the option to choose the better communication type. As a result, 
the connection time becomes very less when compared with phase 1 and phase2. Since 
phase 3 requires less connection time the delay produced also much less compared to 
phase1 and phase2. 

The propagation delay also decreases with increase in vehicular density because as 
multi-hopping is used in between vehicle communication so with increase in vehicle 
the load of the channel or the packet overhead is decreased which in turn produces less 
delay in transmitting the data packet. 
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6.2.3 Packet Drop 

 

 

Packet drop gives information about data packet losses during the transmission. 
The reliability of any system defend on packet drop. With increase in packet drop the 
system performance decreases proportionally. If a data packet is lost it has to be 
retransmitted so it requires additional time and bandwidth of the channel. So low 
packet drop is expected at any system destination for optimum performance of the 
system. 

 From the figure we can observe that the packet-drop in phase1 (v2v) and phase2 
(v2i) communication models are high compare to phase3. Since phase3 use 
combination of v2v and v2i together so it provides more reliable path for 
communication. Which enables the phase3 communication model to have less packet 
drop. 

As we can observe from the figure that the packet-drop decreases with increase in 
number vehicular nodes. With increase in number of vehicular nodes, the number of 
hops between communicating nodes increases. As the number of hops increases the 
channel load decreases, which in turn reduces the packet. 

 

6.3 Summary of the results  
Simulation results were discussed in this chapter. The motto of this analysis is to 

simulate a communication model which enhances the robustness of VANET. The 
performance metrics are particularly examined to get a decisive knowledge about the 
communication model developed.  

There are many other VANET scenarios and this research strictly focuses on 
developing a VANET model in an urban and highway traffic environment. Only, 
traffic constraints in urban traffic is considered while developing urban model. And, 
traffic constraints in highway urban traffic is considered while developing highway 
model. 
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Figure 6.8 Packet Drop for increasing Vehicle Density 
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NO. OF 
VEHICULAR 
NODES 

 
10 20 50 

PDR (%) 
phase1 55 66 82 
phase2 62 71 89 
phase3 72 80.5 96 

THROUGHPUT 
(KPBS) 

phase1 80 85 102.2 
phase2 88.6 93.8 118.5 
phase3 100 103.6 135.5 

PACKET DROP 
phase1 21 18 8 
phase2 17 12 7 
phase3 11 9 4 

DELAY (ms) 
phase1 550 440 320 
phase2 480 345 210 
phase3 300 180 100 

Table 6.3Tabulated form of throughput, PDR, Packet-drop and delay for 
various vehicular density in urban mobility 

 
 

In the simulation, 10, 20 and 50 vehicles are only chosen and beyond this level, 
increasing vehicles seem to be non-beneficial. Obviously, as vehicular density 
increases, it creates an additional impact of congestion and load on the network 
increases. 50 vehicles are maximum and optimum number of vehicles where the 
scenario can adapt.  

 
 

NO. OF 
VEHICULAR 
NODES 

 
20 40 80 

PDR (%) 
phase1 45 50 70 
phase2 47 53 80.5 
phase3 70 80.5 88 

THROUGHPUT 
(KPBS) 

phase1 81 86 106 
phase2 94 101 126 
phase3 125 134 162 

PACKET DROP 
phase1 24 20 16 
phase2 22 19 14 
phase3 17 13 8 

DELAY (ms) 
phase1 750 670 400 
phase2 690 620 360 
phase3 490 410 250 

Table 6.4 Tabulated form of throughput, PDR, Packet-drop and delay for 
various vehicular density in highway mobility 

In highway simulation, 20, 40 and 80 vehicles are only chosen and beyond this 
level, increasing vehicles seem to be non-beneficial within the geographic location. 
Obviously, the vehicular density increases load on network which creates additional 
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congestion. 80 vehicles are maximum and optimum number of vehicles where the 
selected geographic region can adapt. 

Phase-0 is only considered to know the difference between the connection and 
connection-less vehicular environment. No results are taken for phase-0 because these 
does not create any impact on other phases. 

These performance metrics helps to predict the nature of developed scenario. 
These particular metrics are only considered because of their correctness in estimating 
the nature of the model. From simulation analysis, phase-3 exhibits better behavior 
than other two. The main intention of this research is to provide reliable data 
communication platform among vehicles and RSUs in a vehicular environment. 
Hybrid model exhibits good communication behavior in terms of both urban and 
highway traffic environments. 
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7 CONCLUSION AND FUTURE WORK 
The main goal of this thesis is to suggest a stable communication model which can 

provide reliable data exchange between vehicles and RSUs. The preliminary study is 
conducted on protocols and standards used for Vehicular Communications. Then, 
approaches for communication mechanism are investigated. A brief study is conducted 
on the vehicle mobility pattern in urban and highway environments. A system is 
developed based on these preliminary assumptions which implements all three 
categories of vehicular communications. The assumed model is simulated and 
performance metrics are evaluated to understand the behavior of the developed model.   

The literature study helps to get a clear idea about the structure of Vehicular 
Networks. Then, a simulated model from the concepts of literature review is modelled 
which is branched as phases. Each phase represents different communication model 
and phase-3 is an important phase as it integrates both phase-1 (V2V) and phase-2 
(V2I). All these phases are incorporated in an urban and highway traffic environment. 

Performance metrics like throughput, packet drop, delay and PDR are considered 
to examine the behavior of simulated model. As expected, phase-3 exhibits overall 
optimum performance when compared with other phases in both urban and highway 
traffic environments. This analysis acts as strong foundation to future hybrid models.  

From the concluded study, a communication model is suggested to provide reliable 
data exchange within the confined network attributes. Hybrid model exhibits good 
behavior in both urban and highway traffic environments. 

 

7.1 Future work  
 VANET applications are receiving more attention in recent days due to its 

uniqueness and usability in the real time systems. Mainly, research has been confined 
to the development of a communication model to provide a reliable data exchange in 
urban environment. There are still some areas in VANET that needs attention are: 

• New standalone algorithms should be proposed to provide a decent and stable 
VANET model which can withstand any vehicular scenario. 

• Integrating other categories like V2P, V2D etc., will help to create stable 
VANET mechanisms and implementing them in real-time environments will 
strengthen the traffic management systems.     

• Security is another important aspect which should be considered. 
Confidentiality and authentication services must be provided to overcome 
malicious attacks from intruders. 

• Integration of various technologies promotes ease of usage of VANET 
applications. And many stable models can be developed with this integration.  

• Effective decision making mechanisms without involvement of driver should 
be developed to rule out other functional impediments in the real–time 
systems. 
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