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Abstract 
 

A vehicular ad-hoc network (VANET) enables vehicles to communicate with 

each other directly or via roadside infrastructure in order to improve road safety 

and efficiency. Within a VANET, communications can potentially alter vehicular 

mobility and conversely, that the mobility could potentially influence vehicular 

communications. 

Therefore, a VANET simulator environment is needed that can accurately model 

interactions between vehicular mobility and network protocols. There are many 

challenges in the area of simulation of VANET. One of the most fundamental 

requirements of the simulation studies is that the wireless communication channel 

should be modelled in a very realistic way to represent the real-world 

environment. Also, one of the big challenges in this field is the connection of a 

simulation to a real-world system, e.g. using a computer-controlled motor 

performance test station to increase the accuracy of the microscopic road traffic 

simulation. This is particularly beneficial for safety applications which have to be 

aware of the exact mobility behaviour of vehicles.  

In this research we focused on building vehicular network simulator. This 

research surveys the challenges and the requirement for a beneficial and practical 

vehicular network simulator. The research aims to have a simulator that can be 

used in the different level of details of traffic simulation. 

 

Key words: VANETs, Simulation, Veins, SUMO, MATLAB Toolbox 

  



 

 

 

  



 

 

Acknowledgment 

 

This dissertation would not have been possible without the support of many 

people. Many thanks to my adviser, Dr. Bassm Amin, who guided me a lot and 

read my numerous revisions and helped make some sense of the confusion. Also, 

thanks to my committee members, who offered guidance and support. 

And finally, my family deserves endless gratitude: my wife for supporting me 

and withstand all the difficulties and pressure times to help me get this work done, 

also my father, mother and my friends who endured this long process with me, 

always offering support and love. 

 

 

Ahmed Ibrahim, July 2022 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Table of Contents 
List of Figures ................................................................................................. xiv 

List of Tables .................................................................................................. xvi 

List of Abbreviations ...................................................................................... xvii 

Chapter 1 Introduction .......................................................................................... 1 

1.1 Motivation ................................................................................................... 1 

1.2 Thesis Contribution ..................................................................................... 3 

1.3 Thesis Organization .................................................................................... 4 

Chapter 2 Review of VANETs Simulation Tools ................................................ 5 

2.1 Mobility Generators .................................................................................... 6 

2.2 Network Simulators .................................................................................. 13 

2.3 VANETs Simulators and Frameworks ..................................................... 19 

Chapter 3 VANET Toolbox ................................................................................ 28 

3.1 Discrete Event Systems Overview ............................................................ 28 

3.1.1 DES Concept ...................................................................................... 28 

3.1.2 MATLAB DES Simulation ............................................................... 31 

3.2 VANET Toolbox Architecture ................................................................. 33 

3.2.1 PHY Layer ......................................................................................... 35 

3.2.2 MAC Layer ........................................................................................ 39 

3.2.3 APP Layer .......................................................................................... 43 

3.3 VANET Toolbox Design .......................................................................... 45 

3.3.1 APP DES ............................................................................................ 46 

3.3.2 MAC DES .......................................................................................... 49 

3.3.3 PHY DES ........................................................................................... 50 

3.4 Simulator Databases .................................................................................. 51 

3.4.1 Local Database ................................................................................... 51 

3.4.2 Global Database ................................................................................. 52 



 

 

3.5 Running Simulation using VANET Toolbox ........................................... 53 

3.5.1 Run from Simulink ............................................................................ 58 

3.5.2 Run from MATLAB Script ................................................................ 59 

Chapter 4 Proposed Framework Based on VANET Toolbox ............................ 62 

4.1 Proposed Architecture ............................................................................... 64 

4.2 SUMO Integration .................................................................................... 65 

4.3 New Toolbox Components ....................................................................... 67 

4.4 Implementation Challenges ...................................................................... 70 

Chapter 5 New Framework Evaluation .............................................................. 72 

5.1 Real World, Collision Free Scenario ........................................................ 72 

5.2 Car Following Scenario ............................................................................ 77 

5.3 Cross Section with RSU Scenario ............................................................ 80 

Chapter 6 Conclusion and Future Work ............................................................. 83 

References ........................................................................................................... 84 

 

  



 

 

  



 

 

List of Figures 
Figure 1 WAVE Protocol Stack ............................................................................ 2 

Figure 2 Taxonomy of Mobility Generators ......................................................... 6 

Figure 3 Taxonomy of Network Simulators ....................................................... 13 

Figure 4 Taxonomy of VANET simulators and frameworks ............................. 19 

Figure 5 Systems Classification .......................................................................... 29 

Figure 6 Mapping between DES elements and communication network 

elements............................................................................................................... 33 

Figure 7 VANET PHY Link Modelling ............................................................. 35 

Figure 8 MATLAB WLAN Toolbox Conversion from Frames to Waveforms 36 

Figure 9 MATLAB WLAN Toolbox Conversion from Waveforms to Frames 38 

Figure 10 Data Flow from APP to PHY ............................................................. 40 

Figure 11 Data Flow from PHY to APP ............................................................. 41 

Figure 12 VANET Simulink library ................................................................... 45 

Figure 13 VANET toolbox DES design ............................................................. 48 

Figure 14 VANET toolbox local Database ......................................................... 52 

Figure 15 VANET toolbox Global database....................................................... 52 

Figure 16 Vehicle Node Internal Structure (For Single Channel Simulation) ... 54 

Figure 17 Vehicle Node Internal Structure (For Multi-Channel Simulation) .... 54 

Figure 18 Vehicle Block Parameters .................................................................. 55 

Figure 19 Simulation Control Panel ................................................................... 56 

Figure 20 Traffic Light Block Parameter ........................................................... 57 

Figure 21 Wireless Channel Block Parameter .................................................... 57 

Figure 22 Simulink Simulation in VANET Toolbox ......................................... 58 

Figure 23 Highway Simulation Scenario ............................................................ 59 

Figure 24 Cross Road Simulation Scenario ........................................................ 59 

Figure 25 Proposed Framework Architecture ..................................................... 64 

Figure 26 Coupling between SUMO and VANET Toolbox .............................. 66 

Figure 27 Toolbox New DES Component .......................................................... 67 

Figure 28 Toolbox New Simulation Nodes ........................................................ 68 

Figure 29 SUMO Vehicle block structure .......................................................... 69 

Figure 30 RSU block structure ........................................................................... 69 

Figure 31 Real World, Collision Free Scenario .................................................. 75 

Figure 32 Car Following Scenario - Normal Driving ......................................... 78 

Figure 33 Car Following Scenario – Emergency braking .................................. 78 

Figure 34 CFM - Vehicles Position Change with Time ..................................... 78 

Figure 35 CFM - Vehicles Speed Change with Time ......................................... 79 


