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Abstract 
 
The number of automobiles has been increased on the road in the past few years. Due to 
high density of vehicles, the potential threats and road accident is increasing. Wireless 
technology is aiming to equip technology in vehicles to reduce these factors by sending 
messages to each other. 
 
The vehicular safety application should be thoroughly tested before it is deployed in a 
real world to use. Simulator tool has been preferred over out door experiment because it 
simple, easy and cheap. VANET requires that a traffic and network simulator should be 
used together to perform this test. Many tools exist for this purpose but most of them 
have the problem with the proper interaction. In this thesis, we aim at simulating 
vehicular networks with external stimulus to analyze its effect on wireless 
communication but to do this job a good simulator is also needed. So we will first debate 
on the shortcoming of current simulators and come up with our own recommendations to 
perform our simulation.   
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1 Introduction 
Traffic congestion on the roads is today a large problem in big cities. The congestion and related 
vehicle accommodation problem is accompanied by a constant threat of accidents as well. 
Absence of road traffic safety takes a toll of precious human lives and poses a dire threat to our 
environment as well. Other negative consequences are related to energy waste and environmental 
pollution. 
 
According to National Highway Traffic Safety Administration, the following figures indicate 
some of the consequences of recent car accidents [7]. 
 

• 6.3 million Police reported traffic accidents 
• 43,000 people were killed 
• Millions of people were injured 
• The economy effects caused due to these accidents were more than $230 billion 

 
Preliminary precautions like seat belts and airbags are used but they cannot eliminate problems 
due to driver’s inability to foresee the situation ahead of time [14]. On a highway a vehicle cannot 
currently predict the speed of other vehicles. However, with use of sensor, computer and wireless 
communication equipment, speed could be predicted and a warning message sent every 0.5 
seconds could limit the risk of potential accidents [3]. 
 
Wireless communication is ubiquitous because of its flexibility to adapt to different scenarios. 
Mobile Ad Hoc Networks (MANETS) is a term coined for the continuously varying network 
topology handheld mobiles devices. Vehicular Ad Hoc Networks (VANETS) is one of its types. 
It deploys the concept of continuously varying vehicular motion. The nodes or vehicles as in 
VANETS can move around with no boundaries on their direction and speed. This arbitrary 
motion of vehicles poses new challenges to researchers in terms of designing a protocol set more 
specifically for VANETS. Tests are being carried out through simulated environments to check 
the way VANETS perform, before they are used in commercial application in the real world. This 
thesis aims at presenting and analysing the shortcomings of current simulators aimed at or useful 
for VANETS. One of them would be chosen for test under certain environmental situations to 
check the simulations. Details of each chapter are as following. 
 
Chapter 2: Gives a short survey of work related and other background work in this field. 
Chapter 3: Models that is useful in extracting network topologies. 
Chapter 4: Comparison of different simulators. 
Chapter 5: Simulation of VANETS with external stimulus to analyse their effect on wireless 
communication. 

1.1 Features of VANET 
• The nodes in a VANET are vehicles and road side units 
• The movement of these nodes is very fast 
• The motion patterns are restricted by road topology 
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• Vehicle acts as transceiver i.e. sending and receiving at the same time while creating a 
highly dynamic network, which is continuously changing. 

• The vehicular density varies from time to time for instance their density might increase 
during peak office hours and decrease at night times. 

 

1.2 VANET Simulation Problem 
To evaluate VANET protocols and services, the first step is to perform an outdoor experiment. 
Many wireless technologies such as GPRS, IEEE 802.11p and IEEE 802.16 have been proposed 
for reliable traffic information. Before the technology hits the ground and can meet the 
expectations, a series of experiments should be performed to test it. These experiments could be 
expensive and highly complex to inherit all kinds of situation. For this purpose software 
simulations can play a vital role in imitating real world scenarios. 
 
VANET relies on and is related to two other simulations for its smooth functioning, namely 
traffic simulation and network simulation. Network simulators are used to evaluate network 
protocols and application in a variety of conditions. The traffic simulators are used for 
transportation and traffic engineering. These simulations work independently but to satisfy the 
need of VANET, a solution is required to use these simulators together. Numerous traffic and 
network simulations have been tried to resolve the issues with VANET but every solution has had 
its shortcomings. There are a large number of traffic and network simulator and they need to be 
used together into what can be called VANET simulator. There are few tools for VANET 
simulation but most of them have the problem of proper ‘interaction’. Thus a proper selection of a 
simulator is also a question for simulation. Therefore, we will debate on present tools and will 
suggest the choice with proper ‘interaction’. 
 
In this thesis we present NCTUns (National Chiao Tung University) [32] simulator, a powerful 
network and traffic simulator freely available for the research community. NCTUns replaced 
Harvard simulators in 2002 and after the release of version 4, it greatly supports the simulation of 
ITS (Intelligent Transpiration System) network. 
 

1.3 Thesis Goal 
The work in this thesis has been divided into two parts: 

1. A survey of various traffic simulators, network simulators and VANET simulators 
resulting in the selection of a preferred recommended choice. 

2. Practical implementation and use of a VANET simulation based on the preferred choice, 
with the possible radio obstructions in the communication medium. 
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2 Related and Background Work 
The section explores the initial developments that were carried in creating a simulator that was 
aimed at testing VANET. Furthermore, the background work in the whole project has also been 
presented. 

2.1 GrooveSim 
GrooveSim [40] was the first tool created for evaluation of VANET performance mainly 
motivated by vehicular traffic flow and forecasting. The concept of application involves testing 
the possibilities of real time events as time-critical safety messages. GrooveSim was coded in 
C++ and Matlab provides GUI for drawing structures and graphs.  
 
GrooveSim could operate in five different modes: predetermined, on-road, simulation, hybrid, 
research. A group of five vehicles travelling around the city and highway were simulated for 
recording certain parameters like message penetration, delay, vehicle grouping, packets dropped 
etc and packet time to live values were calculated in the simulator. GrooveSim did not include 
any network simulator and also it was unable to create traces for any network simulator. 

2.2 NHTSA (National Highway Traffic Safety Application) 
NHTSA (National Highway Traffic Safety Application) [35] provided VANET estimation and 
focused on a global perception of VANET performance. This platform is a computer-based tool 
and accepts a text file during vehicular simulation. 
 
The NHTSA simulator was designed with networking research in mind and was built on the top 
of NS-2 simulator. The simulator is platform-independent and is capable to run on both Win32 as 
well as Linux. It has strong GUI support implemented by C++. The main purpose of NHTSA 
project was to promote DSRC standardization, and during the test-bed, a GPS receiver, 
Windows-based notebook and IEEE 802.11a wireless device were used as a hardware module for 
DSRC standard. The platform is very scalable and flexible for researchers to alter the 
configuration according to the requirements. 

2.3 FleetNet 
This project was aimed to provide a platform based on simulation results from simulation tools 
and a software prototype called FleetNet Demonstrator FND [34, 41]. The development of this 
software was aimed to state the problems found in inter-vehicular communication and realistic 
evaluation of VANET. 
 
The focus of this project was primarily on how mobility is achieved with position based routing 
protocols. The demonstrator of the project performed an outdoor experiment with six vehicles. 
Each vehicle had two laptops, one as a Linux system for the communication between the vehicles 
and vehicular to infrastructure through WIFI card. The other laptop had a Windows system to 
provide a GUI for vehicular communication as well as communication with the GPS receiver. 
 
The demonstrator concluded some results by inspecting the vehicular behaviour on highways and 
in the city, the transmission of data, velocity and distances amongst vehicles.  
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2.4 CARLINK 
The CARLINK [37] project was developed to provide a wireless traffic service platform between 
the cars. Vehicles were equipped with wireless transceivers to communicate with road-side 
infrastructure. In addition, vehicles were also able to form ad-hoc network with each other. The 
base station was able to collect car real-time data such as local weather, traffic density and all 
information about current traffic and pass them to central unit for database updating, which is 
then sent back to the vehicles driving past the base-station. 
 
The CARLINK project developed applications like FSF (Finding and Sharing Files) and PB (Ad-
hoc puzzle bubble) [38] on the java based application called JANE. The purposes of the 
applications were to facilitate researchers to apply their tests in simulated environment before 
being installed into the real ad-hoc network. Both these applications could be installed into the 
laptops or PDA.  

2.5 Car2Car 
The Car2Car [8] communication group is an organization instigated by European vehicle 
manufacturers that is open for providers, research associations and other partners. Car2Car uses 
IEEE 802.11 WLAN technology for the vehicles to correspond with each other within the range 
of hundred meters and forms an ad hoc network. The routing algorithm verifies the location and 
speed of a vehicle and is able to oppose changing in the topology if any. Car2Car communication 
is based on the following points. 
 

• Advance Driver Assistance. Design and development of active safety applications 
• Decentralized Floating Car Data 
• User Communication and Information Services  

2.6 Clarion 
The Clarion [9] Corporation of America, headquartered in Cypress, California, is a subsidiary of 
Tokyo-based Clarion Co. Ltd., which joined the Hitachi-group as a united subsidiary since 2006. 
This communication method for Intelligent Multimode Transit System (IMTS) utilizes a spread 
spectrum for the automatic control of multiple vehicles. Information such as the speed and 
position of the vehicles is transmitted by the transceivers installed on each vehicle. Clarion is a 
low cost budget solution. At present this technology is set up in the amusement park in 
Awajishima to control the shuttle bus service within the park.  

2.7 IP PReVENT 
PReVENT [15] is a EU sponsored project intended to demonstrate safety application using 
sensors, maps and communication systems. PReVENT will contain 23 cars, trucks and different 
types of simulators for active safety including, 

• Safe speed and safe following 
• Collision Migration 
• Intersection safety 
• Lateral Support 
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In addition to this, the following results will be displayed: 

• Development of ADAS (Advance driver assistance system) 
• Using maps for improved ADAS 
• Evaluation of ADAS 
• Sensor data fusion 

2.8 Cooperative Vehicles and Infrastructure Systems (CVIS)  
CVIS is a project with the purpose to increase road safety and effectiveness and reduce the 
environmental impact of road safety. CVIS tests technologies to permit vehicles to communicate 
with each other and near by road side. The project has started in 2006 and will end till 2010. 
CVIS controls traffic control systems and to reach the destination with different routes. The main 
purpose of this project is [16]: 

• Development of standards for the vehicle-to-vehicle and vehicle-to-vehicle infrastructure 
communication. 

• Bringing more precision in the vehicle location and generation of more dynamic and 
accurate local maps using satellite navigation and other modern methods of location 
referencing.  

• New systems for cooperative traffic and network monitoring in both vehicle and roadside 
infrastructure and to detect incidents immediately. 

• Range of cooperative applications for traffic management, mobility services and driver 
assistance. 

• Development of toolkits to address key deployment. 
  
Local floating Car data application:  The service updates the service centre about different 
parameters of vehicles. 

2.9 Demo 2000 
Tsukuba and Japan have joined together for the demonstration of the cooperative driver 
assistance system DEMO 2000 [11]. They aim to evaluate feasibility and technologies for inter 
vehicle communication and are linked together to communicate with each other. DOLPHIN 
(Dedicated Omni Purposed Inter-vehicle linkage) protocol was used in 5.8 GHz DCRC and 
CSMA was used to access medium. Each vehicle was equipped with laser radar for the 
measurement of distance, obstacles, and LCD for displaying vehicle communication. 
 

2.10 Car Talk 2000 
This is a European project to help driver based on communication between vehicles. The 
communication basis in this project is self ad-hoc radio network with the purpose of developing 
future technology. Car talk 2000 [10], [17] is a 3 year project within the IST cluster of the 5th 
framework program of European commission. Car talk 2000 provides reliable components for 
Advance driver Assistance (ADAS) such as Advance cruise control (ACC). With the different 
approaches, the communication can greatly improve and provide better safety and fewer injuries 
that are caused by collisions. The objectives of car talk 2000 are safety and to evaluate the 
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advance driver assistance. The Fleet net a German Project will cover the additional complements 
of the project.  
The driver assistance system might be seen as a different perspective, research path and 
methodologies but successful research has been presented by CHAUFFEUR and PATH. In order 
to attain promising car driver assistance car talk 2000 creates application in the following way: 

• Information and warning function. 
• Communication based longitudinal control system. 
• Co-operative assistance system. 

 
Information and warning function: 
All the parameters are informed by the mean of information signal. These parameters include 
traffic load, conditions, road accidents etc. This prior information allows a driver a pre-sense 
capability about safety measures. 
 
Communication-based longitudinal control system: 
The ACC systems were only capable of capturing about the vehicle in the front but it is now 
possible to know about any vehicle in front that is braking. This leads to more favourable 
behaviour and the avoidance of any collision that is due to the vehicle in the front. Because of 
more safety all these must be given more accurate. Car Talk 2000 is now searching for more 
future technologies. In a denser environment, these signals will reach through multi-hop strategy. 
 
Co-operative Assistance System: 
As nowadays, misunderstanding between the drivers on merging points occurs. It will help us in 
merging points. The speed and lane of the entire vehicle must be known in advance for better 
communication. 
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3 Vehicular Ad hoc Networks 
VANET is a widely discussed area of wireless communication at present. VANET is a subset of 
MANET [28] where nodes represents vehicles moving at high pace and vehicle traffic determined 
regularity [36]. This technology enables communication between vehicles and nearby road-side 
infrastructure [26] and is made possible through a wireless sensing device installed in the 
vehicles. With the inception of VANET, new opportunities and related technologies like 
applications for traffic jam, accident control and weather updates have appeared. 
  
VANET performance can be tested in real situations but factors like cost, inaccurate results and 
protocol evaluation of complex environment may contribute towards a disappointing end. An 
automated tool called simulation can imitate the protocol and yield a similar result to that of the 
real world. VANET differs from MANET (mobile ad-hoc network) because in VANET the nodes 
strictly follow the traffic rules and their pattern of movement is very complex. To attain good 
results from VANET simulation, it is important to generate a realistic mobility model that is as 
realistic as real ad-hoc network communication. The usage of mobility model signifies the 
movement of mobile node that will consume the protocol. In this section, we will further explore 
the mobility model, different types of mobility model and classify them according to the level of 
details they generate. 

3.1 The Mobility Model 
The Mobility Model governs the set of rules that define movement pattern of nodes in ad-hoc 
network. Network simulators can then, by using this information, create random topologies based 
on nodes position and perform some tasks between the nodes.  
 
Using VANET pose a challenge and that is how to separate a mobility model at Macroscopic and 
Microscopic level [27]. Mobility Model includes some constraints like streets, lights, roads, 
buildings, cars, vehicular movements and inter-vehicle behaviour. These constraints are divided 
into two parts that are dealt with separately. The node mobility includes streets, lights, roads, 
buildings etc and is classified as Macroscopic, whereas the movement of vehicles and their 
behaviours are classified as Microscopic. We can also analyze mobility model as Traffic 
generator and Motion generator. Motion constraints are designed by car driver habits, cars and 
pedestrians and describe each vehicle movement. The Traffic generator creates random 
topologies from maps and defines the vehicular behaviour under environment. 
 
The mobility model is described by the framework, which includes topological maps like lanes, 
roads, streets, obstacles in mobility and communication model, car velocities, the attraction and 
repulsion points, based on traffic densities relating to how the simulation time could vary, 
vehicular distribution on roads and intelligent driving pattern. The illustration of this framework 
is given in the figure below. 
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                                                                     Figure 1:  Mobility Model [29] 
 
To come up with a real world simulation, a mobility model must be generated. One way of 
capturing a realistic model would be generating patterns from traces. But since MANETs have 
not yet been fully exploited, obtaining realistic traces seems impractical so far. 
There are various models, which can generate mobility patterns based on certain criteria. While it 
is hard to present real world traffic scenarios in a single simulation model, ways can be adopted 
to develop a protocol suite which can support the implementation. The mobility patterns can be 
generated from various models. These models are described below. 

3.1.1 Survey Models 
Survey models represent realistic human behaviour in urban mesh environments. The model 
relies on data collected through surveys performed on human activities. One of the large surveys 
[19] came from US department of labour, which performed a survey by recording the workers 
behaviour and their activities at lunch time, communicating with them, pedestrians, lunch and 
break time etc and collected the statistics, which later on helped in creating a generic mobility 
model. The survey was recorded for the human performance, tasks, and activities. E.g. UDel 
mobility model [12] is a tool for simulating urban mesh networks. UDel model includes 
obstruction in mobile nodes and generates graph of urban area. The mobile nodes are then placed 
on the graph and their behavior is seen.  

3.1.2 Event driven models 
Event driven models also called trace models can be used can be used to monitor the movement 
of human beings and vehicles, analysing them and generating traces based on their locomotion. In 
[29], the author presented a WLAN mobility model, in which he observed the characteristics of 
WLAN users across the campus. In [30], the author observed how WLAN users connect with 
infrastructure network. There must be an actual map of the space; the traces could be gathered for 
the purpose of obtaining a probabilistic mobility model reflecting the real movement on the map. 
This helped in obtaining discrete event Markov chain, which considered the source, destination 
paths, and the current and previous location. The problem with this model was that the 
characteristics of mobile nodes with access points were considered only; no relationship between 
the nodes was considered. The problems in such models are co-relation of different traces that 
were developed for specific purpose and also that there are limited simulators available for such 
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purposes e.g. ELDA (Event Driven Light-weight Distilled StateCharts-based Agents) [18] model 
is an event driven mobility model based on MAO models (Mobile Active Object) and MAS 
models (Multi Agent Systems) deriving characteristics of behavioural, interaction and mobility 
models. 

3.1.3 Software Oriented Models 
Various simulators like VISIM [42], CORSIM [43] and TRANSIM [44] are able to generate the 
traces of urban microscopic traffic. VANETMobiSim [45] uses TIGER [62] database and 
Voronoi graphs [63] to extract road topologies, maps, streets etc for the network simulators. The 
problems with such simulators are that they can only operate at traffic level and cannot generate 
realistic levels of details. Moreover the inter-operability with network simulators and the 
generated level of details seems insufficient for network simulators 

3.1.4 Synthetic Model 
The majority of the work has been carried out in the area of synthetic modelling. All models in 
this category use mathematical equations to develop realistic mobility models. The strength of 
mathematical models is validated by comparing them with real mobility models. One way of 
comparison is to conduct a survey and gather results and then compare the results obtained from 
the survey and synthetic models. 

• According to [2] synthetic models can be divided into 5 main categories. 
• Stochastic model: deals with totally random motion. 
• Traffic Stream model: examines the mechanical properties of mobility model. 
• Car Following model: monitors the behaviour of car-to-car interaction. 
• Queue model: considers cars as standing in queues and roads as queue buffers. 
• Behavioural models: examines how movement is influenced by social interaction. 

 
For example if we consider a mobile node in an area and observe its movement, it can either 
move in a fixed line or could follow a random path. The WWP (Weighted way point: Destination 
is chosen on the basis of current location and time) and RWP (Random way point: Destination is 
chosen randomly) mobility algorithm calculate mobility pattern of a node by defining certain 
mathematical equations. The synthetic model imposes certain limitations. The synthetic model 
imposes certain limitations such as excluding a real human behaviour model hence restricting its 
abilities to create random topologies. 

3.2 Classification of Synthetic Mobility Model 
 In this section, we will classify current synthetic mobility models according to the level of 
information they generate. Before describing the real asset of the simulator, it is required to 
classify the simulator according to certain criteria and then present their drawbacks and values in 
a tabular form. Similarly other mobility models were not considered as they deviated from the 
real mobility model, which did not cater our needs 
 
The Synthetic mobility model is classified as below  

• Traffic Level Criteria 
• Motion Level Criteria 
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Besides that, a good simulator should have an easy to use feature.  All these features have been 
compiled according to the following criteria. 
 

• Other Criteria 

3.2.1 Traffic Level Criteria 
The traffic level presents level of details that are concerned with streets, obstruction in 
communication paths, lights and vehicular densities. For the simulation to capture details at 
traffic level, it must include the following traces: 

• Movement topologies 
• Start and end position 
• Trip through different positions. 
• Selection of track. 
• Speed of vehicles. 

 
Below, we will explain the above features. 
 

• Movement topologies 
Movement topologies are key features for simulation and are used to calculate some important 
factors like speed and distances etc. The topologies are represented with the help of graphs and 
are classified into the following three types [29]: Custom graphs: Edges are connected by vertex. 
(Figure a). Random graphs: Using algorithms. (Figure b). Topologies from maps:  Graphs from 
GDF (Geographical Data Files) [57] and TIGER database. (Figure c) 
 

 
 
       (a) Custom graphs    (b) Random graphs              (c) Maps graphs 
                                                                       

Figure 2  Topologies 
 

• Start and End position 
The time a node starts its movement marks its initial position is referred to as repelling state, as 
the node traverses a certain path until it reaches its final position which can be referred to as its 
attracting point. These two points outline the start and end point for the vehicle. After the graphs 
are generated, the node’s source and destination points are defined for simulation. 
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• Trip Creation 
During simulation, the vehicle navigates through different points. These different points are 
called trip for vehicle.  
 

• Selection of Track 
The algorithms define the track between paths. 
 

• Speed of Vehicles 
The speed of the vehicle depends on the road conditions and can be either smooth or arbitrary. 

3.2.2 Motion Level 
After all the details at the traffic level have been captured, the motion level comes into playing its 
part by creating topologies between the nodes and analysing their behaviour based on the details 
gathered at traffic level e.g a car may change its lane and try to overtake. It also monitors the 
situation during heavy traffic flow or vehicles standing in queue following each other. Motion 
level feature also defines human behaviour patterns through their movement which aids in finding 
vehicular behaviour .Such models are commonly adopted from mathematical equations which 
produce all possible vehicular behaviour patterns. There are various models that fall under this 
category .The most widely used model is the “car following model”. 
 

• Car following model 
This model describes the process of vehicles following each other in the similar line. Car 
following model is one of the widely used model that present details at motion level. It describes 
the process of car following each other in the same lane. This model been preferred over other 
traffic model like Krauss Model (KM) [46], General Motors Model (GM) [39],  Gipps Model (GP) [41], 
Intelligent Driver Model (IDM) [13].   

3.2.3 Other criteria 
It would be appealing if the simulator was coupled with a Graphical User Interface (GUI). 
Furthermore, while simulating real world complex scenarios the simulator must also consider the 
approach to simulate radio obstacles in the wireless communication medium. Also the simulator 
should also be able to generate trace files for other simulators such as NS-2 or QualNet 
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4 Simulators Evaluation 
The network’s performance can be best judged through the deployment of a simulation. A sound 
simulation can produce strikingly similar results to that of real world. Construction of a 
simulation therefore seems inevitable for VANET. There are two aspects of simulating VANET: 
one is the traffic simulation and other is network simulation. The traffic simulation aids in 
creating traces of urban mobility model; this information is fed into the network simulation. The 
network simulation builds topologies between the nodes and vice versa. Surprisingly there seems 
no direct link between the two; it is like two people talking in two different languages without 
understanding each other’s conversation. 
 
A number of simulations exist for VANET but none of them have been up to the mark and none 
of them can provide a completion solution set for simulating VANET. From the traffic simulator 
perspective, the traces generated once seem useless after a certain time as the dynamics of traffic 
change abruptly. Another problem that remains difficult to solve is the inter communication issue 
between the two simulators i.e. traffic and network simulator. Without a solid solution to this 
problem, the inter communication between the two still remains a matter of discussion. 
  
The question still remains as to why these two simulators cannot inter-operate. The most obvious 
reason is the mismatch in formats. The mobility models generated by traffic simulator cannot be 
processed by the network simulator. When traffic simulators produce mobility models, this 
format is not acceptable by the network simulators. The closest network candidate is NS-2, 
discrete event simulators that accept trace files from other simulators but they can not be fed into 
NS-2 directly. The researchers initially tried to solve this compatibility problem by continues 
work in traffic simulators, but the problem always rose from network simulators. 
 
To gather the details that are required for simulation, there exist many simulators. Some of them 
come under commercial license and some of them are freeware. Various commercial traffic level 
simulators like AIMSUN [20], VASIM [21], CORSIM [22] etc are powerful commercial traffic 
simulators aimed at gathering features required for traffic level and with strong GUI support. The 
acquisition of a single license for these commercial software starts from $9,000 USD.  
 
This thesis does not consider the commercially licensed traffic simulators due to their copyright 
nature and primarily due to their inability to bring about a change in their source code. 
Furthermore they have been designed to work at traffic level to generate very high degree of 
details not yet intended to be used by network simulators. Due to this reason that the traces 
developed by the traffic simulator cannot be translated for further use by the network simulator 
and also because of the copy right impendent, these items of software do not fit well with our 
needs. The complete review of these simulators is presented in [55]. 

4.1 Possible Candidates 
This section explores the different simulators that are freely available for VANET’s community. 
 Before describing the resources provided by freeware simulators, it is important to separate them 
according to the level of details they generate based on the classification made in section 4.2. 
Several mobility models like Gauss-Markov model, Random walk model, node following model, 
Platoon, Random Waypoint model were initially considered for the generation of node mobility 
patterns. 
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All these models contributed toward various node mobility features like velocity variation, 
random movement within a topology boundary etc. Among all these aforementioned models, the 
Random Waypoint model was  widely used but the patterns it generated had no match to the real 
world behaviour .The efforts vested in such project did not prove worthy. Hence the scientific 
community geared their way towards other projects, starting from simpler to more complex for 
the generation of mobility patterns. Unfortunately these projects were more inclined towards the 
traffic side; only a minute amount of work had been done in the network area. 
 
To qualify as a candidate for VANET simulator, the candidates must satisfy the requirements 
made in section 3.2. Accordingly, the following simulators come in the category of VANET 
simulators. 

• MOVE [49] 
• Trans [50] 
• VanetMobiSim [52] 
• NCTUns [32] 

 
Beside the above simulators, there are simulators like CanuMobiSim [48] that has been designed 
to generate traffic level details. The following simulators generate levels of details at network 
level. 

• NS [56] 
• GlomoSim [22] 
• Qualnet [23] 

4.2 Comparison of Simulators 
This section will explore the strengths and weaknesses of each simulator. 
 
4.2.1 CanuMobiSim 
CANU (Communication in Ad Hoc Networks for Ubiquitous Computing) mobility simulator is a 
java-based application with a graphical user interface (GUI). The CanuMobiSim project started in 
Germany at the University of Stuttgart. 
 
This tool can generate many mobility models like smooth mobility model, pedestrian, graph 
walk, fluid traffic, activity based mobility models. The patterns drawn by CANUMobiSim are not 
self-generated but in fact are derived from Markov Graph. CanuMobiSim lacks the ability to 
generate random graphs and does not include obstacles in the simulation of wireless networks. In 
[25], the author created a new extension to CanuMobiSim framework called AMADEOS 
(Advanced Mobility Models for AD Hoc NEtwOrk Simulations), which can generate traces with 
the consideration to the obstacles in its account. It permits amendment of spatial surroundings 
with polygonal obstacles in the simulation and can also implement the propagation model on the 
basis of ray tracing.    
 
CanuMobiSim extracts topology files from Geographical Data Files (GDF) or from user- defined 
graphs. During simulation, CanuMobiSim takes micro-mobility into consideration and generates 
traces that are used by NS-2 and GlomoSim [22]. CanuMobiSim is a complex traffic simulator, in 
which path calculation is based on the basis of Dijkstra’s algorithm, also known as the Shortest 
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Path First (SPF) algorithm, and generates trips based on how users create different motion 
patterns. CanuMobiSim provides us with a very good quality reliable solution for generating 
mobility traces for network simulator. Further improvements are still underway to enhance its 
modelling capabilities. A new extension to CanuMobiSim has been made to contain radio 
propagation model for network simulators. 
 
4.2.2 NS-2 and NS-3 
In 1989, NS-2 appeared as a network simulator that provides significant simulation of transport, 
routing, and multicast over-wired and wireless networks. Ns-2 code is written either in C++ and 
OTCL and is kept in a separate file that is executed by OTCL interpreter, thus generating an 
output file for NAM (Network animator). It then plots the nodes in a position defined by the code 
script and exhibits the output of the nodes communicating with each other.   . 
 
It is packaged with a bundle of rich libraries for simulating wireless networks. All the mobile 
nodes in NS-2 quickly assume that they are the part of Ad-hoc network and the simulation mobile 
nodes connected with infrastructure networks are not really possible. For simulating a wireless 
node the physical layer, the link layer and MAC (media access control) protocol are all included 
at the same time. But despite this NS-2 is unable to simulate multiple radio interfaces. Moreover 
NS-2 has unrealistic models for wireless channel, which results in a biased radio propagation. For 
wireless simulation, NS-2 supports only free space and two ray ground reflection models and 
cannot simulate path loss, multi-path fading and shadowing phenomena. In [58], authors 
developed MIRACLE (Multi InteRfAce Cross Layer Extension) framework extension to NS-2 to 
simulate full space propagation model, cross layer and multi-technology in NS-2.  
 
NS-2 has certain limitations when it comes to including more than one wireless interfaces per 
node. In [53] the author attempted to improve this shortcoming. However the research only 
encompassed 802.11 technologies and did not include any analysis on 802.11a and 802.11b. 
Besides, NS-2 only supports Bi-directional (antenna that radiates or receives most of its energy in 
two directions) and Omni-directional (radiates signal equally in all direction) antenna for signal 
propagation and waypoint mobility model for node movement. 
 
While simulating wireless networks using NS-2, the nodes need to be programmed manually to 
sense and transmit data among each other. There is no built-in scanning facility available to sense 
other nodes that are floating around. Another constraint associated with NS-2 is that it cannot be 
extended to simulate a large mobile network. In [59], the author proved that approximately 5.6 
GB of memory is required to simulate 500 nodes in 118.93 minutes  hence  simulating of 1000 
plus nodes practically looks impossible  for NS-2. 
 
In [54] some differences between three well known simulators have been highlighted based on 
frame propagation. In order to determine whether the frame has been transmitted successfully or 
not NS-2 relies on signal’s strength. The Signal to Noise interference Ratio (SNR) is determined 
through the difference in strength of the two signals. 
 
The current distribution of NS-2 has limited scalability and does not provide any support for 
distributed and federated simulation tasks. The existing traffic library and protocol suite are 
outdated and lack complete support for IEEE 802.11 standards. The newly added modules cannot 
find their place in the outdated documentation. Also simulating large networks takes a toll over 
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the CPU cycles and memory management. NS-3 came around as a better replacement for its 
predecessor. NS3 is written purely in C++ and limits the coding to only a few hundred lines as 
opposed to 300,000 lines for that of NS-2. For simulating huge networks NS3 was equipped with 
support for distributed and federated simulation tasks. Work is still underway on NS3 and it is 
hoped that it will completely take over its predecessor sooner or later. 
 
4.2.3 GlomoSim 
GlomoSim (Global Mobile Information System Simulator) is a second most popular network 
simulator after NS-2. It was developed in California, USA mainly targeted towards wireless 
network simulation. GlomoSim was coded in Parsec [31] and all new protocols must be defined 
in Parsec as well. Earlier GlomoSim had no support for GUI but now it includes a java based 
front end aswell.  
 
GlomoSim has the ability to run on SMP (shared-memory symmetric processor: memory 
simultaneously accessible by all programs) and helps to divide the network into separate modules 
each running as a distinct process. Hence, reduce the load on CPU by dividing its workload. 
Because of this extraordinary feature of multi-tasking, GlomoSim is able to simulate tens of 
thousands of nodes in single simulation. 
 
For most of the simulators, the focal point is simulating Random Waypoint mobility model. To 
enhance the functionality, the GEM project [47] was added to GlomoSim to have more realistic 
simulation. 
 
GlomoSim follows OSI layer model and support different protocols and models at each layer. 
Unlike NS-2, GlomoSim has the ability to support multiple wireless technologies including 
IEEE802.11e. In [6], authors validated this fact by simulating QoS implementation using 
IEEE802.11e in GlomoSim. 
 
GlomoSim is packaged with rich libraries for simulating varieties of mobility models including 
Random Drunken (template for designing new mobility models and node chooses its direction 
from four choices to choose a path randomly) and Trace Based models (model provided by user) 
apart from the Random Waypoint mobility model. GlomoSim has Two-ray and free-space radio 
propagation models. SNR (Signal to noise interference ratio) is cumulative i.e. each time receiver 
predicts the change in interference power and recalculates SNR of the given signals. 
GloMoSim was designed to support millions of nodes just as a single simulation is due to 
parallelism technique. Node aggregation has always been the bottleneck in most simulations but 
GlomoSim was the first one to come out as a winner. It also has the ability to support layer 
aggregation. 
 
GloMoSim version 2.0 was released in 2000 and after that PARSEC stopped working on 
freeware software and released a commercial version of GloMoSim called QualNet. 
 
4.2.4 QualNet 
QualNet (Quality Networking) is network evaluation software and is entirely modelled as a finite 
state machine. It is written purely in C++ and can run on a variety of operating systems like 
UNIX, Windows, MAC and Linux. QualNet is equipped with an extensive range of libraries for 
simulating a variety of networks like WiFi, Sensor networks, MANET and WiMAX etc. The 
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simulation could be performed with a powerful 3D visualization tool along with a QualNet 
Analyzer. It is a powerful simulation tool that can support simulation of 500 to 20,000 nodes. 
 
Similar to TCP/IP, QualNet is engineered on a layered architecture comprising a Application, 
Transport, MAC, physical layer.  

• Application layer: Generates traffic and also performs routing. 
• Transport layer: Supports TCP and UDP data transmission.  
• The routing between devices, Queue management and Quality of service etc. are 

performed at network layer.  
• The wireless simulation of mobile nodes is performed at the application layer. 

 
QualNet can simulate a mixture of both wired and wireless networks. Unlike the NS project, 
QualNet can simulate multiple wireless technologies including 802.11s draft. QualNet supports 
plenty of mobility models including the Group mobility model, Random waypoint model and 
Trace-based models. 
 
QualNet has the support for ITM (Irregular Terrian Model) [23] and path loss matrix in addition 
to Free-space and Two-Ray propagation models. Unlike NS-2 which has the support for only 
Omni and bidirectional antenna, it supports Omnidirectional, Steerable beam and Switched beam 
for signal propagation with the capability of scanning mobile nodes floating around. 
 
QualNet can simulate fading with Rayleigh and Ricean methods. QualNet SNR (signals to noise 
ratio) is cumulative. It calculates signal reception as SNRT (Signal to noise interference ratio 
threshold) based i.e. accepts a signal whose threshold value is higher then SNR or BER (Bit Error 
Rate) based on checks relating to whether the incoming packet is properly received or not  
 
Currently QualNet is available as commercial licensed version with QualNet 4.5.1 in use. Also 
one can use an evaluation version of QualNet for testing purposes. 
 
Simulator GloMoSim Ns-2 NCTuns QualNet 
Signal to Noise 
Ratio 
Calculation 

Cumulative Difference in 
two Signals 

Cumulative Cumulative 

Signal 
Reception 
 

SNRT, BER SNRT Sender Receiver SNRT, BER 
Transmitting 
power 

Power 
threshold, 
Distance 

Fading 
 

Rayleigh, Ricean No Rayleigh, Ricean Rayleigh, Ricean 

Path Loss 
 

Free Space, Two Ray Free Space, Two 
Ray 

Free Space, Two ray, Free 
space with shadowing 

Free Space, Two 
Ray, ITM (Irregular 
Terrian Model) 

Support for 
Multiple 
Wireless 
Technology 

Yes No Yes Yes 

Antenna’s 
Support 
 

Bi-directional, Omni-
directional 

Bi-directional, 
Omni-
directional 

Directional, Bi-directional, 
Rotating 

Bi-directional, 
Omni-directional, 
beam, Switched 
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beam 

Distributed 
Simulation 

Yes No Yes Yes 

Time required 
for  Simulating 
5000 Nodes 
(sec) 

6191 Fail Fail 6191 

Memory 
Required for 
Simulating 5000 
Nodes (KB) 

27.5 Fail Fail 27.5 

GUI Yes No Yes Yes 

 
Table 1: Motion Level Features of Various Network Simulators 

 
4.2.5 MOVE 
MOVE (MObility model generator for VEhicular networks) is a Java-based application built on 
SUMO (Simulation of Urban Mobility) [60] with a facility of GUI. MOVE comes along with a 
very good visualization tool and focuses mainly on traffic level. MOVE solves the problem of 
SUMO complex configuration with just few mouse clicks without worrying about the internal 
details of the simulator. 
 
MOVE can facilitate simulation by generating mobility traces from the TIGER database or 
Google earth. In addition to that, it also supports custom graphs defined by user and random 
generated graphs. But with random generated graphs, it restricts the node movement to grid i.e. 
the node should only move on the grid. MOVE uses parser to extract topological maps from 
above mentioned tools. 
    
MOVE is composed of a Map editor and Vehicular Movement editor. The Map editor creates 
topological maps for network scenario discussed above. The vehicular movement editor generates 
movement patterns automatically or can also be defined by the users in the editor. For manual 
generation, a trip must be defined on the basis of either attraction or repulsion point or randomly. 
After configuring start and end positions, MOVE can generate random or activity based trip. Path 
is the suitable way to the destination. MOVE calculate path by the mean of Random Waypoint 
Mobility model or using Dijksta shortest path first algorithm. Node velocity in MOVE is either 
smooth or road-dependent. 
 
MOVE does not contain any network simulation capabilities but instead parses the traces to be 
furthered processed by the network simulator. MOVE generates topological maps using parses 
provided with the map editor and the node parameters that are defined with the help of the 
vehicular movement editor. This data is then passed to the network simulator. This way they both 
benefit from interpreters and are able to perform network and traffic tuning. 
 
MOVE can also generate its own mobility model but the results obtained are not satisfactory as 
compared to that of standard mobility models. The problem accompanied with this mobility 
model is the lack of support for large networks i.e. its packet delivery ratio drops as the number 
of nodes increase, moreover multiple radio interfaces are not supported by larger networks [1]. 
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While generating mobility traces, MOVE takes micro-mobility into consideration. The micro-
mobility feature does not include any Lane-changing or Obstacle mobility models. The 
intersection management follows simplistic stochastic model [2] and therefore random movement 
of a node in the topology is not considered. The car behaviour and interaction with human 
behaviour follows only the car following model.    
 
MOVE utilizes the federated approach, in which they both communicate via parser. The traces 
from the traffic simulators is sent to parser for the translation and then processed by network 
simulator. The updated file from network simulator is passed to traffic simulator through parser. 
The problem rose with this approach was the interaction between the two simulators were not 
held in timely manner. 

 
Figure 3: MOVE (Federated) 

 
4.2.6 TraNs 
TraNS (Traffic and Network Simulator environment) is a Java based application with a 
visualization tool that was built to integrate SUMO and NS-2 specifically designed with VANET 
simulation in mind. However TraNs has also developed a stepped down version called TraNs Lite 
for the purpose of generating mobility model only, without using integrated NS-2 simulators for 
the network simulation. TraNs lite is scalable software with the ability to simulate up to 3,000 
nodes and can extract mobility traces from TIGER database or using Shapefile (A vector map, with 
points, polylines and polygons) and these maps could be cropped down according to the user’s 
specification. TraCI [33] (Traffic Control Interface) interface can combine TraNs lite with ns-2 
for traffic and network communication. 
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Figure 4: TraNs (Integrating SUMO and NS-2) 

 
TraNs utilizes the integrated approach by combining the two well known simulators SUMO and 
NS-2 inside a single module to facilitate the vehicular simulation as shown in the diagram above. 
In this way, SUMO translates the traffic file in a form of dump file, which is later on read by a 
network simulator. The problem with TraNs architecture is that the output obtained from NS-2 
cannot be passed back to SUMO, thus the two loosely coupled simulator fails produce the results 
that are similar to real life examples. 
 

Attribute SUMO/MOVE/TraNs VanetMobiSim NCTuns 
Custom Graphs Supports Supports Supports 
Random Graphs Grid Based Voronoi Graphs SHAPE-File 
Graphs from Maps TIGER database GDF Bitmap image 
Multilane Graphs Support Support Support 
Start/End position AP, Random AP, Random Random 
Trip Random Start - End Random Start – End Random 
Path Random Walk, 

Dijkstra 
Random Walk, 
Dijkstra 

Random Walk 

Velocity Road Dependent, 
Smooth 

Road Dependent, 
Smooth 

Road Dependent, 
Smooth 

(a). Traffic level features 
Human Patterns Car Following Models Intelligent driver model, 

Intelligent driver model 
with intersection 
management, Intelligent 
driver model with Lane 
changes 

Intelligent driver 
model with car 
following, 
Intelligent driver 
model with Lane 
changing, 
Intelligent driver 
model with 
intersection 
management 

Intersection Management Stoch turns Traffic lights and signs Traffic lights 

Lane changing No Support MOBIL [61] Supports 
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Radio Obstacles No Support Supports Supports 

(b). Motion level features 
Supports GUI Yes Yes Yes 
Output ns-2, GlomoSim, QualNet ns-2, GlomoSim, 

QualNet 
NS-2 

Comments Federated / Integrated Separate Integrated 
(c). Other Features 

 
Table 2: Traffic and Network level 

4.2.7 VanetMobiSim 
VanetMobiSim is an extension to CanuMobiSim. Because of its limited scope of CanuMobiSim 
to be used in specific areas only, it was unable to produce high levels of details in specific 
scenarios. Therefore CanuMobiSim was expanded to achieve a high level of realism in the form 
of VentMobiSim. 
 
Modeling of VanetMobiSim includes car-to-car and car-to-infrastructure relationship. Thus it 
combines the stop signs, traffic lights and activity based macro-mobility with the support of 
human mobility dynamics. It can extract road topologies from TIGER, GDF, random and custom 
topologies. It allows users to generate trips based on their own assumptions or activity based and 
can configure the path between the start and end position on the basis of the Dijkstra algorithm, 
road-speed shortest or density-speed shortest. 
 
VanetMobiSim contains a parser to extract topologies from GDF, TIGER or cluster Voronoi 
graphs that will be used by network simulators.    

 
Figure 5: VanetMobiSim (Separate Traffic and Network Simulator) 

 
The main problem with the above approach is that it does not allow for any feedback among each 
other. For instance the traces generated by VanetMobiSim are parsed and sent to the network 
simulator but they cannot feed the data back between each other.   
 
4.2.8 NCTUns 
NCTUns (National Chiao Tung University Network Simulator) based on Harvard simulator 
proposed by S.Y. Wang in 2002. NCTUns is purely written in C++ with a powerful GUI support. 
The user need not worry about the complex coding as NCTUns hides the complexities with a few 
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mouse clicks. Since its first release, NCTUns has supported a distributed simulation approach to 
run simulation tasks concurrently. 
 
Due to the interest in ITS (Intelligent Transpiration System) research, a lot of simulation tools are 
being developed to support vehicular simulation. NCTUns also showed an interest in ITS project 
and added support of ITS simulation in its version 4.0. Unlike TraNs, NCTUns tightly couples 
traffic and network simulators inside a single module to provide single vehicular network 
enviroment. After the release of version 4, it added the following support for ITS simulation. 

• Driver Behaviour Model 
• Network road construction 
• RSU (Roadside unit) Simulation 
• Onboard unit (OBU) device equipped with 
• IEEE 802.11(b) Ad hoc mode 
• IEEE 802.11(b) infrastructure mode 
• GPRS radio 
• DVB RCTS satellite radio 

 
NCTuns can simulate multiple wireless interfaces inside one node including 802.11(p) [24] 
interface. After the release of version 5, NCTuns enhanced its usability of the ITS project by 
supporting a large network simulation with the possibility of automatic road assignment using 
SHAPE-format map file. It uses a car agent module to control vehicular movement dynamic on 
road with the possibility of autopilot assignments and pre-defined assignment. In autopilot 
assignment, all the vehicles in the topology are assigned with automatic parameters to control 
dynamic traffic flow during the simulation. In a pre-defined assignment, a user has to manually 
assign values for traffic flow.  With its intelligent driving behaviour the car agent can model a car 
to obey certain parameters like traffic light, near by vehicle, changing the lane, taking the turn 
and car following model. There are four types of road assignment in NCTuns, which allow users 
to define their custom topology. With the powerful use of GUI tool, it is now possible to deploy 
the vehicles automatically. 
 
Talking of network’s perspective, NCTUns can simulate 80.211a, 802.11b, 802.11g and 802.11p 
technologies. It includes free space, two ray ground and free space with a shadowing path loss 
model. It further includes Rayleigh and Ricean as a fading model. NCTUns implements 
directional, bidirectional and rotating antenna types. The SNR calculation is cumulative and the 
signal strength is determined from the sender’s and receiver’s perspective point. NCTUns 
implements block objects to introduce the hindering object between wireless signals. The Wall 
object can completely block the wireless signal or can attenuate the signal with a specified value. 
The hindering object gives good simulation environment to observe the effects of multi hop 
wireless network simulation. During the simulation, each node is allowed to send either a UDP or 
TCP packet. However, there is a limitation in NCTUns. Most of the Network simulators allow 
multiple TCP/IP versions (Tahoe and New Reno) inside single simulators whereas; NCTUns 
allows a single instance of TCP/IP version. 
 
Unlike TraNs, NCTUns integrates traffic and network simulators inside with a powerful feedback 
to support vehicular network simulation. However, NCTUns can support a maximum of only 
4096 nodes inside a single simulation.  
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Figure 6: Strength of Simulators 
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5 Obstacles in Vehicular Ad hoc Networks 
To perform a VANET simulation one can consider many situations and can simulate a bundle of 
possibilities in an urban environment e.g. the performance of routing protocols in an urban 
locality [5] and realistic simulation of networking protocols [4]. In the case of our research, we 
wanted to check the effects of hindering objects between communicating vehicles. For instance 
where two vehicles are communicating with each other across different lanes is encountered by 
an obstacle like a building; will they be able to continue their communication? How will they 
maintain it? Moreover we have also analysed the effects of attenuation and scattering. In the 
previous chapter, we discussed various candidate simulation tools for performing realistic 
VANET simulation. This is based on our survey, where we had no option but to choose NCTUns 
5.0 simulator because of its added features. NCTUns is now available with enhanced support for 
the ITS project. NCTUns requires Fedora with GCC version 4.3 or above qt graphical library. 

5.1 Simulation Setup 
This scenario presents a simple topology with six vehicles communicating with each other as 
shown below. 
 

 
 

Figure 7: Network Topology 
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In the above scenario, each vehicle is equipped with 802.11a wireless module using CSMA/CD 
MAC protocol. The length of the road is 1112.06 meters and the distance between each vehicle 
on the same road is set to 60 meters, whereas the distance between each vehicle on the opposite 
road is set to about 238 meters. The transmission range of each wireless module is 300 meters. 
The routing protocol used is AODV (Advance on Demand Distance Vector Protocol). The path 
loss model (attenuation) used here is free space and shadowing using Rayleigh fading (magnitude 
of signals through communication medium will vary randomly).  Each vehicle moves at a speed 
of 10m/s. 
 
Some interesting events will occur during the simulation (see section 5.2.1) and will disturb the 
communication between the vehicles. The time of each event has been indicated by a time line in 
figure 7.  

5.2 Metrics and Results 
When the simulation begins node 3 communicates with node 6 in a free medium with no external 
stimulus. The whole simulation runs for 80 seconds and within these 80 seconds, all the nodes 
encounter some kind of disturbances in one form or the other. The graphs below captured the 
events as they occurred. 

5.2.1 Interference from other signals (Metric A) 

 
 (a) Throughput     (b) Dropped Packets 
 

Figure 8: Interference from other signals (Metric A). 
 
The medium was free up until 3.0 seconds. After 3.0 seconds, node 2 started to communicate 
with node 7 using the same medium. At 5.0 seconds, node 4 started to communicate with node 5. 
The above graphs show the disturbances due to other signals. 
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5.2.2 Effect of scattering (Metric B) 

 
 (a) Throughput       (b) Drop Packets 

Figure 9: Scattering (Metric B) 
 
Around 14.3 seconds, the signal strikes some object and some proportion of signal was scattered 
in the other direction. Above two figures show the throughput and dropped packet due to node 6. 
 
5.2.3 Multi-hoping (Metric C) 

 
 (a) Throughput     (b) Drop Packets 

Figure 10: Multi-hoping (Metric C) 
 
The communication between node 2 and node 6 was blocked; thus the throughput reached to 
zero. To communicate with node 6, it used node 2 and node 5 as a communication medium to 
reach to node 6. The throughput and packets drop is shown in the figures above when using 2 
hops for communication. 
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5.2.4 Signal Attenuated by 2dbm (Metric D) 

  
 (a) Throughput    (b) Drop Packets 

Figure 11: Attenuation 2 dbm (Metric D) 
 
The signal strength is attenuated by 2 dbm (free medium). As a result, the throughput of receiving 
packets decreased, whereas the number of drop packets increased. 
 
5.2.5 Signal Attenuated by 3 dbm (Metric E) 

  
 (a) Throughput     (b) Drop Packets 

Figure 12: Attenuation 3 dbm (Metric E) 
 
The signal strength is attenuated by 3 dbm (free medium). The throughput decreased and the 
number of dropped packets increased. 

5.3 Simulation Conclusion 
It is clear from the above graphs that interference from other signals significantly reduces the 
throughput of the packet but some effect on the number of drop packets (Figure 8b). Some 
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portion of data is lost and throughput is decreased due to scattering (Figure 9a and figure 9b).  
The throughput is very low by using multi-hop communication (Figure 10a). 
 
As long as the signal is at the original power threshold, the number of dropped packets fluctuates 
to a smaller value. The number of dropped packets increases as the signal is attenuated. In figure 
(11b) and figure (12b), we can check the results by attenuating the signal by 2 dbm and 3 dbm 
respectively. By comparing figure (11a) and figure (12a) with figure (8a) the throughput is 
greatly affected by other signals and comparing figure (11b) and figure (12b) with figure (8b), the 
number of drop packets is affected more by signal attenuation. 
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6 Conclusion and Future work 
With the advent of wireless technologies, researchers are keen to deploy them in almost every 
walk of life. From satellites to vehicles, wireless technology is expanding steadily. Within our 
research community wireless communication has always remained a widely discussed subject. 
Wireless mobility in vehicles has been utilized to guarantee road safety to avoid potential 
accidents as much as possible. Before we set out to test such projects in reality it is important to 
perform a series of simulated tasks to cover all possible constraints since outdoor experiments are 
costly and they may or may not provide us with all the necessary stimuli. Software based 
simulations are designed to provide an alternative to obtain the required results. VANET hits the 
protocol’s strength due to its highly dynamic features, thus in testing a protocol suitable for 
VANET implementation the use of realistic mobility model should be considered. We introduced 
certain model that could help in generating realistic mobility patterns and provided a detailed 
classification required for realistic mobility patterns. 
 
VANET simulation requires that a traffic and network simulator should be jointly used with a 
powerful feedback between them to render the  simulation results as accurate as real life. We first 
presented features of important traffic and network simulators and also certain VANET 
simulators. We presented various possibilities for combining the two and these possibilities are as 
follows: 

• Separate Traffic and Network simulator: VanetMobiSim and NS-2 
 Problem: Traces are generated once and therefore no feedback is allowed. 
 
• Integrating Traffic and Network simulator: TraNs 
 Problem: Loose coupling, the feedback process is slow. 
 
• Federating Traffic and Network simulator: MOVE and NS-2 / QualNet  
 Problem: Still lack interaction. 

 
A part from the above solutions, a specially designed VANET simulator could also be a choice. 
We chose NCTUns as a simulator choice because it eliminates the problem discussed with the 
above solutions.   
 
In the second part of the thesis, we have performed practical implementation. We have performed 
a simulation by inserting hindering object in the communication medium. From the simulation, 
we have concluded that throughput is greatly affected by other signals, whereas the number of 
dropped packets is boosted by signal attenuation. Using CSMA/CD, the medium suffers from 
excessive delay due to packet loss and throughput degradation. 
 
The future work could be extended by improving a simulator that is able to simulate real and 
simulated vehicles and also the simulator should acquire the traffic patterns directly from the 
video camera. More radio obstacles like the effect of rain, fog, magnetic field and fire could be 
added to see more different results. 
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7 Abbreviations 
 
VANET  Vehicular Ad hoc Networks 
MANET  Mobile Ad hoc Networks 
GPRS  General Packet Radio System   
NHTSA  National Highway Traffic Safety Application 
JANE  Java Ad hoc Network 
WLAN  Wireless Local Area Network 
IMTS  Intelligent Multimode Transit System 
ADAS  Advance Driver Assistance System 
CVIS  Cooperative Vehicles and Infrastructure Systems 
DOLPHIN  Dedicated Omni Purposed Inter-vehicle Linkage 
ACC  Advance cruise control 
ELDA   Event Driven Light-weight Distilled StateCharts-based Agents  
MAO  Mobile Active Object  
MAS  Multi Agent Systems 
WWP  Weighted Way Point 
RWP  Random Way Point 
GDF  Geographic Data File 
TIGER  Topologically Integrated Geographic Encoding and Referencing 
KM  Krauss Model 
GM  General Motors Model 
IDM  Intelligent Driver Model 
CanuMobiSim Communication in Ad Hoc Networks for Ubiquitous Computing 
AMADEOS   Advanced Mobility Models for AD Hoc NEtwOrk Simulations 
NS   Network Simulator 
GlomoSim   Global Mobile Information System Simulator 
SNR  Signal to Noise Ratio 
QualNet  Quality Networking 
ITM  Irregular Terrain Model 
SNRT  Signal to Noise Ration Interference Threshold 
BER  Bit Error Rate 
MOVE  MObility model generator for VEhicular networks 
SUMO  Simulation of Urban MObility 
TraCI  Traffic Control Interface 
TraNs  Traffic and Network Simulator 
NCTUns   National Chiao Tung University Network Simulator 
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