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Abstract 

The channel propagation model in vehicle-to-vehicle (V2V) communication 

plays a key role in the accuracy of conclusions drawn from simulation 

about the performance of applications proposed for vehicular ad hoc 

networks (VANETs). Some applications have a safety nature and aim to 

enhance the driver awareness and help preventing vehicle collisions. It is 

therefore important to investigate the performance of such applications 

under realistic propagation models, so as to avoid drawing optimistic or 

pessimistic conclusions which can otherwise be drawn from simplistic 

channel models. In fact, most existing studies on VANET performance are 

based on channel models that have fallen short of realism in their 

description, e.g. by largely neglecting the signal attenuation caused by 

stationary and moving obstacles. In this thesis, we select a realistic 

measurement-based channel model and implement it in a network 

simulator. We construct traffic scenarios representing the basic building 

block of urban traffic networks to study the performance behavior of 

VANETs under this realistic channel model. We compare the resultant 

performance with the outcome performance when non-realistic models are 

used. This work, as far as our knowledge goes, is the first that implements 

such a high degree of realism in a vehicular network simulation, and 

therefore the results obtained in this thesis are deemed to give a better 

insight about the achievable performance of VANET scenarios. 



Contents 

Page 

1. INTRODUCTION .................................................................. 1 

1.1 - INTRODUCTION TO VEHICULAR COMMUNICATIONS ................................. 1 

1.2 - CHANNEL MODELS ............................................................................. 2 

1.3 - WHY USING A REALISTIC CHANNEL MODEL IS IMPORTANT....................... 2 

1.4 - MEASUREMENT BASED CHANNEL MODEL.............................................. 3 

1.5 - PLAN OF THIS WORK .......................................................................... 4 

2. BACKGROUND .................................................................... 6 

2.1 – RELATED WORKS ............................................................................. 6 

2.2 – OUR APPROACH ............................................................................. 10 

3. SIMULATION FRAMEWORK ............................................11 

3.1 – PROCEDURE DESIGN AND IMPLEMENTATION ...................................... 11 

3.2 - TRAFFIC SCENARIO ......................................................................... 13 

3.3 - NETWORK SIMULATION FRAMEWORK ................................................. 13 

3.3.1 – Data collection .......................................................................................... 13 
3.3.2 – Channel model implementation ................................................................. 15 

3.4 - PERFORMANCE METRIC.................................................................... 19 

4. RESULTS ...........................................................................22 

4.1 – OUTLINE OF THE RESULTS ............................................................... 22 

4.2 - SIMULATION CONFIGURATION ........................................................... 23 

4.3 – FIGURES AND DESCRIPTION ............................................................. 25 



5. CONCLUSIONS AND FUTURE DIRECTIONS .................47 

5.1 – CONCLUSIONS ................................................................................ 47 

5.2 – FUTURE DIRECTIONS ....................................................................... 48 

6.  BIBLIOGRAPHY ...............................................................50 

 



Figures 

 

Page 

 

Figure 3.1: Simplified OMNeT++ - SUMO integration using Veins ........... 12 

Figure 3.2: Intersection scenario in SUMO .............................................. 13 

Figure 3.3: Module hierarchy.................................................................... 14 

Figure 3.4: Creation of vehicle obstacles ................................................. 15 

Figure 3.5: Decision of the obstruction type of an obstacle ...................... 16 

Figure 3.6: Calculation of a transmission attenuation ............................... 18 

Figure 3.7: MATLAB variables organization for sender vehicles .............. 19 

Figure 3.8: MATLAB script graphs plot .................................................... 21 

Figure 4.1: Free space model, all roads ................................................... 27 

Figure 4.2: Free space model, same road ............................................... 28 

Figure 4.3: Free space model, other road ................................................ 29 

Figure 4.4: Collision of packets in a group of vehicles ............................. 30 

Figure 4.5: Formation of queues in a simulation ...................................... 30 

Figure 4.6: Simple Shadowing, all roads .................................................. 32 

Figure 4.7: Simple shadowing, same road ............................................... 33 

Figure 4.8: Simple shadowing, other road ................................................ 34 

Figure 4.9: Comparison between the simple shadowing model (left) and 

the measurement based model (right) for 400 meters and on all roads . 35 

Figure 4.10: Measurement based, all roads ............................................. 36 

Figure 4.11: Measurement based, same road.......................................... 37 

file:///C:/Users/Dani/Desktop/Writing%20proyecto/Thesis2.docx%23_Toc444197891
file:///C:/Users/Dani/Desktop/Writing%20proyecto/Thesis2.docx%23_Toc444197892
file:///C:/Users/Dani/Desktop/Writing%20proyecto/Thesis2.docx%23_Toc444197893
file:///C:/Users/Dani/Desktop/Writing%20proyecto/Thesis2.docx%23_Toc444197894
file:///C:/Users/Dani/Desktop/Writing%20proyecto/Thesis2.docx%23_Toc444197895
file:///C:/Users/Dani/Desktop/Writing%20proyecto/Thesis2.docx%23_Toc444197896
file:///C:/Users/Dani/Desktop/Writing%20proyecto/Thesis2.docx%23_Toc444197897
file:///C:/Users/Dani/Desktop/Writing%20proyecto/Thesis2.docx%23_Toc444197898
file:///C:/Users/Dani/Desktop/Writing%20proyecto/Thesis2.docx%23_Toc444197899
file:///C:/Users/Dani/Desktop/Writing%20proyecto/Thesis2.docx%23_Toc444197900
file:///C:/Users/Dani/Desktop/Writing%20proyecto/Thesis2.docx%23_Toc444197901
file:///C:/Users/Dani/Desktop/Writing%20proyecto/Thesis2.docx%23_Toc444197902
file:///C:/Users/Dani/Desktop/Writing%20proyecto/Thesis2.docx%23_Toc444197903
file:///C:/Users/Dani/Desktop/Writing%20proyecto/Thesis2.docx%23_Toc444197904
file:///C:/Users/Dani/Desktop/Writing%20proyecto/Thesis2.docx%23_Toc444197905
file:///C:/Users/Dani/Desktop/Writing%20proyecto/Thesis2.docx%23_Toc444197906
file:///C:/Users/Dani/Desktop/Writing%20proyecto/Thesis2.docx%23_Toc444197907
file:///C:/Users/Dani/Desktop/Writing%20proyecto/Thesis2.docx%23_Toc444197907
file:///C:/Users/Dani/Desktop/Writing%20proyecto/Thesis2.docx%23_Toc444197908
file:///C:/Users/Dani/Desktop/Writing%20proyecto/Thesis2.docx%23_Toc444197909


Figure 4.12: Measurement based, other road .......................................... 38 

Figure 4.13: Average comparison, all roads ............................................. 40 

Figure 4.14: Average comparison, same road ......................................... 41 

Figure 4.15: Average comparison, other road .......................................... 42 

Figure 4.17: Average comparison zoomed in, other road, 400 m............. 43 

Figure 4.16: Average comparison zoomed in, all roads, 400 m ............... 43 

Figure 4.18: PDR comparison with respect to traffic light phases 

(red/green) (the relevance distance is 400 meters) ................................ 45 

Figure 4.19: Comparison of mean PDRs with respect to traffic light phases 

(the relevance distance is 400 meters) .................................................. 46 

Figure 5.1: How to identify hidden terminal interference .......................... 49 

file:///C:/Users/Dani/Desktop/Writing%20proyecto/Thesis2.docx%23_Toc444197910
file:///C:/Users/Dani/Desktop/Writing%20proyecto/Thesis2.docx%23_Toc444197911
file:///C:/Users/Dani/Desktop/Writing%20proyecto/Thesis2.docx%23_Toc444197912
file:///C:/Users/Dani/Desktop/Writing%20proyecto/Thesis2.docx%23_Toc444197913
file:///C:/Users/Dani/Desktop/Writing%20proyecto/Thesis2.docx%23_Toc444197914
file:///C:/Users/Dani/Desktop/Writing%20proyecto/Thesis2.docx%23_Toc444197915
file:///C:/Users/Dani/Desktop/Writing%20proyecto/Thesis2.docx%23_Toc444197916
file:///C:/Users/Dani/Desktop/Writing%20proyecto/Thesis2.docx%23_Toc444197916
file:///C:/Users/Dani/Desktop/Writing%20proyecto/Thesis2.docx%23_Toc444197917
file:///C:/Users/Dani/Desktop/Writing%20proyecto/Thesis2.docx%23_Toc444197917
file:///C:/Users/Dani/Desktop/Writing%20proyecto/Thesis2.docx%23_Toc444197918


Tables 

Page 

Table 4.1: Traffic scenario configuration .................................................. 23 

Table 4.2: DSRC parameters ................................................................... 23 

Table 4.3: Simulation parameters ............................................................ 24 

Table 4.4: LOS  parameters ..................................................................... 24 

Table 4.5: OLOS parameters ................................................................... 24 

Table 4.6: NLOS parameters ................................................................... 24 

Table 4.7: Free-space model parameters ................................................ 25 

Table 4.8: Simple shadowing parameters ................................................ 25 

 

 



1 
 

1.  Introduction 

 

1.1 - Introduction to vehicular communications 

Vehicular communication systems are networks where vehicles 

communicate between each other and roadside units (RSU). These two 

types of nodes are enabled with DSRC (dedicated short-range 

communications) devices [1]. DSRC together with WAVE (Wireless 

Access in Vehicular Environments) specify the standard protocols to 

enable vehicular communications. DSRC relies on the 5.9 GHz band with 

the channel bandwidth of 75 MHz. These networks can support different 

applications that range from safety applications to convenience ones, e.g. 

discovering local services (restaurants, stores, etc.) on the move. The 

reason for using this technology, instead of others previously existent, is 

because it provides a low delay communication, with a high data rate, for a 

short to medium range. In this thesis, we focus on safety applications, 

because they require more stringent performance constraints. These 

safety applications use inter-vehicle short messages called beacons, to 

monitor the surrounding and to keep track of the state and position of 

close vehicles and road conditions, by sharing data like GPS coordinates 

and vehicle speed. The specific physical parameters (e.g. transmission 

power and data rate) are given by the model of the On-Board Unit (OBU) 

the car includes and the specific application being used. 
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1.2 - Channel models 

In order to do simulations for vehicular networks, a propagation 

channel model is needed. Channel models define the behavior of signals 

propagating in the channel and describe the attenuation of the signal as a 

function of distance, obstacles, diffraction, reflection, among other factors. 

There are different types of channel models used in vehicular scenarios. 

Some models are simplified by taking into account a subset of attenuation 

parameters, while other models are more comprehensive. Also, models 

can be categorized as optimistic and pessimistic with respect to the real 

situations. Furthermore, channel models are developed based on 

theoretical behavior of the signal attenuation or they are built by exploiting 

real measurements. 

 

1.3 - Why using a realistic channel model is important 

Safety applications, such as collision warning, require that the safety 

messages arrive to the destinations on time in order to improve the 

driver’s awareness and avoid possible accidents. Having a non-realistic 

channel model leads to obtaining fake data with respect to the real case. 

Moreover, in a large number of occasions the most important case of 

study is the worst-case scenario, in order to establish the lowest 

performance that is needed if the system should work properly. Using a 

realistic channel model doesn’t directly enhance the performance of a 

given protocol, but gives the developers reliable information about the 

protocol performance behavior, which they can use to model their 

applications accordingly. There are various factors that affect the reception 

of the signal in a wireless channel, including a number of statistically 

independent phenomena such as deterministic path loss, small-scale 

fading (or multipath fading) and large-scale fading (or shadowing). The 

general equation for the received power includes all these variables and 

would be like this: Pr = Pt – PL – SH – MP, where Pr is the received power, 

Pt the transmitted power, PL the path loss, SH the shadowing and MP the 

multipath fading. The path loss is the expected power loss of a signal for a 

given distance to the receiver, and it is proportional to the square distance. 

Small-scale fading is the change in the signal amplitude caused by 

different multi-path components, due to the interferences they produce on 

reception, which can be constructive or destructive. Large-scale fading is 

due to the obstacles obstructing the propagation of multi-path components, 
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which includes wall reflections. To model all or a subset of these factors is 

what makes a channel model more or less realistic. 

 

1.4 - Measurement based channel model 

The model we are taking as a reference for this work is the one 

developed by Abbas et al. in [2], where they proposed a channel model 

based on real measurements in urban and highway scenarios. The 

authors argue that the impact of shadowing caused by other vehicles has 

been neglected by other models, so their solution includes equations that 

take into account three different possibilities: LOS (Line Of Sight), OLOS 

(Obstructed Line of Sight) and NLOS (Non Line Of Sight). In this work, we 

will implement this model in a network simulator for the first time, and 

compare its performance with two other simplistic and frequently used 

channel models.  

The equations for LOS and OLOS in the model aforementioned are as 

follows (everything is in dBs): 

where PL0 is the path loss at a reference distance d0, d is the distance 

between transmitter and receiver, n is the pathloss exponent estimated by 

linear regression, Xσ is a zero-mean Gaussian distributed random variable 

with standard deviation σ and with some time correlation. As it can be 

seen, this is a dual-slope equation, and the parameter db, which is called 

breakpoint distance, is the point where the power starts decaying with path 

loss exponent n2, instead of n1.  

 The equations for NLOS have a different shape than the previous 

ones: 

(1.1) 
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where dr and dt are the distances to the center of the intersection for the 

receiver and the transmitter respectively, wr is the width of the street the 

receiver is in, xt the distance of the transmitter to the wall, is specified if the 

scenario is urban with a 0 or suburban with a 1 (in our case it is urban). 

The λ in the equations refers to the wavelength of the signal, which is 

defined as the velocity of the signal (which in this case is the speed of light 

in the air) divided by its frequency:  λ = v/f. 

 

1.5 - Plan of this work 

The procedure we adopt in the remainder of the thesis is as follows: 

In chapter 2, we will introduce some related work and background 

literature. Some of the papers are the direct basis for this work, while 

others are mentioned to obtain a better understanding of the state of the 

art and see what sets this thesis apart from previous works. 

In chapter 3, we will talk about the bulk of this thesis, how we built the 

simulation framework and which software and programming languages we 

used for it. We will go into detail on the parameters used for the traffic 

scenario and all the algorithms used in the network scenario to extract 

data from the simulation and implement the aforementioned channel 

model, all supported with figures and flow charts. Finally, we will present 

our experiment scenarios and how we produced them. 

In chapter 4, we will present the results of the different simulations. 

We first introduce the configurations used for the different simulations, and 

then demonstrate the results by order of realism in the channel model, 

while giving an insight from our observations. 

Finally, in chapter 5, we share our conclusions about the work done in 

this thesis. We explain what new insights have been achieved. Additionally, 

(1.2) 
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we give an outline of the highlighted results as clues for possible future 

directions for research. 
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2.  Background 

2.1 – Related Works 

Studying the performance of vehicular communications in the real 

world requires notable investments and expensive deployments, so 

developers and researchers are forced to rely on computer simulations to 

test the performance of applications for vehicular networks [3] [4]. With the 

simulation being the sole method, it is important that it is implemented as 

realistically as possible, so as the results drawn from simulations can be 

usable in real deployments of the applications. To this end, both the 

mobility model and the radio propagation model should mimic the real 

world behavior as closely as possible. A variety of studies, such as [2] [5] 

[3] [6] [4] [7], have shown their concern for that matter. 

Martinez et al. [3] argued that a significant bulk of research found in 

the literature use very simplistic Radio Propagation Models (RPMs). To 

study the impacts of such a common practice, the authors presented 3 

different propagation models with different degrees of realism: Distance 

Attenuation Model (DAM), Building Model (BM) and Building and Distance 

Attenuation Model (BDAM). The performance metrics investigated were 

message notification time, percentage of blind vehicles (vehicles not 

receiving warning messages sent by crashed vehicles) and number of 

message receptions per vehicle. They concluded that realistic radio 

propagation models do affect notably the number of received warning 

messages, and performance in general. They found out that the most 

realistic model was also the one resulting in the poorest performance, 

meaning fewer message receptions. In a similar work, Gozalvez et al. [7] 
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compared three models in an intersection scenario. The models used in 

that work were the two-ray ground model (usually used for LOS), a log-

distance pathloss model and a LOS/NLOS model. Their conclusions were 

similar to the aforementioned work, pointing towards how much the results 

change from a simplistic channel model to a realistic one. For the third 

model they presented, they also showed the reception range for LOS is 

higher than NLOS.  

Other works such as [8] or [4] have studied the impact of the mobility 

(or traffic) model on the achievable performance level. In [8], Mahajan et al. 

developed three new mobility models (Stop Sign Model, Probabilistic 

Traffic Sign Model and Traffic Light Model), compared them with two prior 

models (Random-Waypoint Model and Rice University Model) and showed 

that the delivery ratio is significantly impacted by the presence of an 

intersection, where a clustering effect appears due to vehicles waiting in 

line. They also pointed out the marginal impact that multiple lanes and 

coordinated traffic lights have on the performance of VANETs. In [4], the 

authors used their own tool, MOVE, built on top of SUMO, to produce a 

realistic mobility model, while using a simplified propagation model such 

as the Two-Ray Ground Model. The authors drew similar conclusions as in 

[8], such as the clustering effect that the presence of traffic lights create, 

but also pointing out that with the increase of traffic light cycle duration,  

the Packet Delivery Ratio (PDR) decreases.  

Molisch et al. in [9] have shed valuable insights into the unique 

features of VANET radio propagation environment. According to them, the 

signal power received in these networks is affected by attenuations 

attributed to signal diffraction, signal reflection, multi path fading and 

Doppler effects, and the characteristics that make this type of networks 

different from cellular networks. Such differences include the relative 

elevation of the antennas in transmitter and receiver, the motion patterns 

and the used frequency band. This makes generic propagation models for 

cellular networks inadequate for VANET purposes. 

The key factors affecting the dissemination of messages are, 

according to [10], the transmission range, the radio propagation model and 

the density of vehicles. The authors of [11] give a definition of reliability in 

their work, which states that it is the possibility that all intended recipients 

of a message receive it successfully and in time, and emphasize the 

strong relation between PDR and driver’s awareness. In both that work 

and [12], they found out that the broadcast packet reception becomes 

significantly worse with distance, and both introduce hidden terminal 

interference as a reason of such performance degradation. Hidden 
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terminal interferences are caused by vehicles which are not in range with 

each other, but have a reachable node in common that can receive 

packets from both of them, so the transmitters are not aware of each other 

and can send packets at the same time to the common node, possibly 

causing a collision. ElBatt et al. add also in [13] the density of vehicles as 

a factor that decreases packet reception.  

Another study, by Koberstein et al. [14], considered the possibility of 

using topography-independent radio models, which don’t regard obstacles, 

and tune their parameters so they manage to behave like in a real-world 

scenario. The difficulty of configuring correctly the parameters for such 

complex models, and the poor accuracy achieved nevertheless, made the 

authors wonder whether it is worth working with complex models or it is 

better to stick with simpler models. They also recognized the need of 

investigating topography-oriented models to achieve smaller absolute 

errors. 

A work on channel models can be found in [15], where Akhtar et al. 

analyzed spatial and temporal evolution of the VANET topology 

characteristics. Through the use of realistic large-scale mobility traces in 

SUMO, they compared 4 different channel models implemented in 

MATLAB, namely Unit Disc Model, classic and matched Log-Normal 

models and an obstacle based channel model. Both traffic flow and speed 

data were collected from road sensors in real time. The road studied was 

a single road with no intersections. Therefore, transmissions were not 

affected by buildings. Several performance metrics were investigated, 

such as neighbor distance distribution, Node Degree, link duration, 

number of clusters, size of the largest cluster, clustering coefficient and 

closeness centrality. Results showed that the matched Log-Normal model 

produces results similar to the obstacle based model. 

In the following, we turn our attention to the importance of mobility 

factors and traffic scenarios on the performance of VANETs. In [16], Qiu et 

al. showed their concern for vehicular density dynamics, which, according 

to them, influence heavily the performance of the communication protocol, 

and complained about other works not paying special attention to that 

matter or assuming homogeneous distribution. They presented a 

methodology to study performance of VANET with practical vehicle 

distribution in urban environments. A stochastic mathematical traffic model 

was produced by them, which incorporated effect of traffic light and vehicle 

interactions and generated practical vehicular density profiles. 
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Sharma et al. studied in [17] the behavior of throughput, packet drop 

and collision rate in a city scenario and a highway scenario. A traffic and 

network simulator known as NCTUNs was used for comparing those 

metrics with and without Rayleigh fading. The traffic configuration 

consisted on a fixed distribution of node placement. They found out that 

Quality of Service (QoS) is worse in city scenarios than in highway 

scenarios, highlighting the importance of studying performance behavior in 

intersection-like scenarios. 

An interesting result can be found in [18], where Clayton et al. 

investigated radio propagation in NLOS conditions, performing real 

measurements in a T-junction. They measured with a fixed transmitter in 

the minor road and a receiver moving step by step throughout the other 

road. An interesting characteristic of that T-junction was that both 

segments of the long road were not symmetric, as one had both sides 

surrounded by buildings, while the other had only one wall to one side and 

an open area to the other. Thanks to that special feature they were able to 

see a difference on PDR and peak power between both sides of the 

intersection, which they explained with multipath propagation caused by 

building reflections, which can help receiving a stronger signal, especially 

when there is not a direct line of sight between transmitter and receiver. 

The most important references in this thesis correspond to the works 

in [2] and [5]. In [2], Abbas et al. recognized the lack of studies regarding 

the LOS obstruction caused by other vehicles in VANETs and presented a 

shadow fading model based on real measurements, which introduced the 

attenuation caused by that phenomenon, in an equation for both LOS and 

OLOS. The model also included another equation for NLOS, which is 

taken from the work in [6]. Both equations have already been presented in 

this thesis in chapter 1. In his work [5], Bastani investigated several 

different topics related to vehicular communications. He presented a traffic 

density model for urban scenarios, including the novelty of having different 

densities instead of just having a uniform density, and tested it in an urban 

scenario. He discovered that the worst case reliability occurs behind the 

traffic light queue, when vehicles decelerate from high velocity, which at 

the same time is arguably the most important position for alerting 

dangerous conditions on the road. He also carried out an analytical study 

of the impact of hidden terminal interference in urban scenarios with 

intersections, where he discovered that this kind of interference reduces 

the reachable distance of broadcast safety messages, sometimes 

reducing it below the minimum required coverage in medium range 

applications. The author also revealed a notable degradation in the 

reliability caused by hidden terminals when having an intersection, 
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compared with the same scenario without it, resulting in the worst 

interference being close to the intersection, at approximately 200 meters 

from it. For his study, Bastani used the channel model from [2] and worked 

with traffic in near-saturation state (also called perfect mode or forced 

flow), where the queue formed during the red light state perfectly 

discharges during green. In our work we have borrowed the parameters of 

forced flow scenario traffic from [5]. 

 

2.2 – Our approach 

As stated by some studies described above, generic radio propagation 

models are not good choices in order to get valid results representing the 

performance of safety applications. Instead, specifically designed models 

for VANET should be used. The model developed in [2] is realistic and 

comprehensive, thus regarded as a highly accurate radio propagation 

model presented in the context of vehicular communications research. As 

previous studies in the literature fell short in achieving the realism needed 

for vehicular network simulations, we decided to implement, for the first 

time to the best of our knowledge, the channel model from [2] in a network 

simulator, and investigate the reliability performance of broadcast safety 

messages. 
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3.  Simulation framework 

3.1 – Procedure design and implementation 

First we build a traffic scenario comprising road topology, static 

obstacles (i.e. buildings) and traffic flow. To this aim we use a well-known 

road traffic simulator termed SUMO (Simulation of Urban MObility) [19]. 

SUMO is an open source simulation package that allows the user to build 

large road networks by specifying different parameters such as position of 

intersections and road segments, behavior and properties of vehicles, 

mobility patterns, traffic flow, road configuration such as the number of 

lanes, traffic regulations such as left and right turn and speed limit, and 

traffic light settings such as the duration and scheduling of traffic light 

cycle. 

The traffic scenarios generated in SUMO are used in a network 

simulator to simulate and investigate the performance of vehicular 

communications. To this aim, we implement the realistic channel model 

defined by equations (1.1) and (1.2) in a network simulator and build a 

specialized network simulation package to experiment with wireless data 

transmission between vehicles. For this part, we use OMNeT++, a 

modular, C++ based library and framework for building network simulators 

[20]. OMNeT++ is comprised of modules programmed in C++, and 

assembled into larger components using an appropriate language called 

NED (NEtwork Description). 
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To bridge the gap and thus integrate the traffic and network simulators, 

we use an open source vehicular network simulation framework termed 

Veins [21]. This framework is a software environment that provides a 

certain generic functionality, with the aim of helping development of 

applications, and it is meant to be extended by developers by overriding 

the existing functions or adding new ones. This particular framework has 

to be imported in OMNeT++ in order for this and SUMO to be able to 

interact. The main purpose of this interaction for OMNeT++, as seen in 

figure 3.1, is getting the state of every car at each step of the simulation 

from SUMO. At the other end of the connection, what SUMO receives is 

the permission to advance another step in its simulation, whenever 

OMNeT++ has finished with the previous one. Aside from this connection, 

veins provides the modules and classes necessaries for simulating a 

generic vehicular network, including modules that simulate the scenario, a 

car as a network node, the MAC and the Physical Layers and modules for 

handling the static and moving  obstacles, the mobility, etc. For the 

channel model, the pathloss and shadowing components can be defined 

in a “config” file, with some components already implemented in the 

framework. In our case, we use the simple obstacle shadowing model in 

Veins as one of our selected models. In order to set the simulation 

parameters, such as the simulation time, warm-up period and beaconing 

Figure 3.1: Simplified OMNeT++ - SUMO integration using Veins 

Network Simulator 

Traffic Simulator 
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frequency, we must change the values in an “ini” file included in Veins. 

 

3.2 - Traffic Scenario 

In order to implement a network scenario, a traffic scenario is needed 

to accurately portray all the factors that appear in real traffic scenarios. To 

this aim, we build an intersection scenario with SUMO that runs under 

forced-flow traffic conditions (which, as explained in chapter 2, happens 

when the queue formed during the red light state perfectly discharges 

during green state), taking the value of the parameters needed from the 

experimental results in [5]. The scenario can be seen in figure 3.2.  

 

3.3 - Network simulation framework 

In this thesis, we pursue two goals by using OMNeT++: the first goal is 

to extract all the relevant data from the simulation and process it 

afterwards. The second goal is to implement the measurement based 

channel model. Our approach to achieve the aforementioned goals is as 

follows: 

3.3.1 – Data collection 

For the data extraction we modify the MAC (Medium Access 

Control) layer module. The code creates a file, defined as a static 

file, during runtime that stores all the data from any received 

message (received.txt). At the same time, every car in the 

simulation forces the creation of a file to store all the information 

Figure 3.2: Intersection scenario in SUMO 
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about messages it broadcasts (sentX.txt, where X is the ID of each 

car).  

Each line of a “sent” file includes the following information: sending 

time, tree ID (the ID that shares all packets from a broadcast 

transmission), the trajectory angle in radians, the x position of the 

sender, the y position of the sender and then the information (i.e. 

angle and position x and y) from every vehicle supposed to receive 

the message. To get the information for the sender, we have to 

retrieve the mobility module from the corresponding car module, 

which is situated two steps up in the hierarchy (figure 3.3), so we 

have to access the car module by invoking twice the 

getParentModule function. To retrieve every possible receiver, we 

have to use a sub-module iterator, for the module located three 

steps up in the hierarchy, and iterate and compare the names of 

these sub-modules with the car module. After checking that those 

modules are in the sender range, the data for each one is recorded 

in the file. 

The construction of received.txt is easier: every time the 

destination address of a received packet matches the broadcast 

address, the following information is recorded: arrival time, tree id 

of the received message, trajectory angle of the receiving car and 

its x and y positions. It is worth commentating that a concurrency 

problem was foreseen for this as every car would want to write one 

file at the same time, but that is not the case, so it is likely that 

OMNeT++ manages that concurrency internally, without further 

coding. 

 Figure 3.3: Module hierarchy 
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3.3.2 – Channel model implementation 

In order to implement the channel model in OMNeT++, it is 

required that the vehicles are identified and modeled as obstacle 

objects, a feature that has not been previously implemented in 

Veins, as it only takes into account buildings as obstacles. For this 

purpose, we define a C++ map data structure that links the ID of 

each vehicle to its corresponding obstacle object. Then, we 

implement a receive signal function to the obstacle control module, 

which is alerted every time a vehicle changes its position, so that 

the position of the obstacle is updated. The mobility information of 

a vehicle is captured by its mobility module in Veins, and notified to 

the channel control module by an internal notification mechanism 

called signaling. As shown in Figure 3.4, whenever a position 

change signal arrives, the ID of the vehicle is checked to see if it is 

already in the map data structure. If it is, we update the position of 

the obstacle; otherwise we create a new obstacle object containing 

the coordinates of a rectangular shape surrounding the current 

position of the vehicle, as received by the signal. Afterwards, we 

add a reference to the created obstacle object to the map data 

 

Figure 3.4: Creation of vehicle obstacles 
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structure. The shape of these obstacles is 4 meters long by 2 

meters wide (as a typical size of a medium vehicle). Furthermore, 

to be consistent with what is regarded as “width” and “length” for 

every vehicle, it must be checked which direction that vehicle is 

heading, i.e. vertical or horizontal directions in our symmetric road 

scenario. 

 

In order to implement the measurement-based channel model, it is 

required to change the part of the existing code in the previous 

channel model to appropriately calculate signal attenuation, in both 

the obstacle class and the obstacle control module. In the channel 

model that was already implemented, each obstacle calculates the 

attenuation caused by itself upon any given transmission, and then 

the obstacle control module aggregates the individual attenuations 

in order to obtain the total attenuation. However, for the realistic 

channel model, it is also required to know if the obstacles are 

vehicles or buildings to decide which equation of the channel 

model must be used. In case the obstacle is a building, the NLOS 

 

Figure 3.5: Decision of the obstruction type of an obstacle 
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has occurred and the corresponding equation is used. If there is 

not any building obstructing the signal, but there is at least one 

vehicle obstructing the direct LOS of the pair of sender and 

receiver, we should use OLOS. Finally, LOS applies if the sender 

and receiver have a direct line of sight.  

 

The procedure of identifying an obstruction and its type is depicted 

in Figure 3.5. We have modified the functionality of obstacle’s 

“calculate attenuation” function so that instead of returning the 

attenuation value it returns 0 for LOS, 1 for OLOS and 2 for NLOS. 

To decide whether an obstacle is a vehicle or a building, we call a 

function which indicates whether two segments intersect. This 

function uses two parameters: one side of the obstacle and the 

segment that goes from sender to receiver. The function returns a 

fraction of the segment between the vehicles where the beam 

intersects with the obstacle. Knowing that, a next step is to identify 

where that point is located in the scenario. If it coincides one of the 

building’s walls, the function returns 2 (NLOS); otherwise it is 

OLOS. 

 

In the function that calculates the attenuation in the obstacle 

control module, we implemented the actual equations of the 

channel model. First, inside an iterative loop, the code invokes the 

function from the obstacle class mentioned previously, and checks 

which kind of obstruction is caused by every obstacle in the 

scenario. From the iterative loop, we only obtain the highest 

number that the function has returned, meaning that NLOS takes 

priority against OLOS, and that one against LOS. In fact, if the 

function returns a 2, we stop checking obstacles by terminating the 

loop, because the equation to use can only be NLOS at that point. 

Once the equation is known, it is only a matter of evaluating the 

obstruction type in a switch and then enforcing the appropriate 

equation, separating the different cases, and then returning the 

path loss expressed in dBs. This process is pictured in figure 6. It 

must be noted that, in order to be consistent with the equations 

from the original channel model, we have to change the sign of the 

NLOS equation with respect to the one presented in [2], equation 

(1.2) in this thesis, so we get a negative value, representing the 

amount of signal power to be deducted from the transmission 

power. Once the model is implemented, we should disable the 

simple pathloss model, as its effect is already included in equations 

(1.1) and (1.2). 
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Figure 3.6: Calculation of a transmission attenuation 
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3.4 - Performance metric 

 In order to evaluate the performance of the protocol under the 

different channel models, we use a performance  metric termed Packet 

Delivery Ratio (PDR). This metric is defined as the ratio of packets that are 

successfully delivered to a destination to the total number of packets that 

have been sent out by the sender. The greater the value is, the better the 

performance is. For calculating this metric from the log files recorded in 

OMNet++, we have developed MATLAB scripts. In the scripts, we use 

struct data structures to store the information extracted from the log files 

created in OMNet++. Structs allow us to identify where exactly the data is 

taken from in an organized way. To be precise, what we use are vectors of 

structs (and inside some of those structs there are more vectors of structs). 

The way the variables are organized is as follows: every vehicle has its 

own structure that contains the total amount of broadcasts (every line in a 

recorded “sent” file) in one field and a vector with every message in the 

other. In turn, every message is a struct with fields that match the ones in 

 

Figure 3.7: MATLAB variables organization for sender vehicles 
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sent files, and other fields used to iterates through and plot the desired 

graphs (For a more detailed approach of these structs, refer to figure 3.7). 

A similar organization is used for the data in the “received” files recorded 

in OMNeT++. Once we have the structures allocated, we iterate through 

all the files, opening and closing one by one, and store the data in the 

aforementioned variables. Then, an iterative loop is implemented to check, 

for any predetermined fixed range of intended recipients, if every possible 

receiver is actually in the range. If it is not, we decrement the “maximum 

receivers” variable in each message structure. Two other variables serve 

the same task, but to separate the statistics corresponding to the cases 

where the pair of sender-receiver are located on the same road and on 

different roads (e.g. sender on horizontal road and reveiver on the vertical 

road). These statistics yield better insights into the performance metric 

with respect to the situation of the sender and receiver pair. In a next step, 

the actual received packets are marked, and we increment the received 

number of packets for every transmitted message. To calculate the PDR, 

given these numbers, we divide the number of received packets for every 

message sent, in the pre-determined relevance distance, to the number of 

max packets to be received in that relevance distance. At the end of the 

loop, we plot three graphs using two vectors for each, filled with the PDR 

for every message and their distance to the center of the intersection (one 

graph for each delivery case), and we increase the relevance distance for 

the next turn of the loop. For ease of understanding, we have 

demonstrated the entire process in figure 3.8. The same approach is used 

for all the graphs presented.    
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Figure 3.8: MATLAB script graphs plot  (transmissions only to the same road and only to the other 

road are not included) 
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4.  Results 

4.1 – Outline of the results 

We first introduce the simulation settings characterized by traffic, 

DSRC, and channel model parameters. Then, we present and explain the 

result graphs, demonstrating the packet delivery ratio with respect to the 

distance of the sender from the intersection (defined by X and Y 

coordinates). With the impacts of channel model being the main focus of 

this thesis, our results are separated by type of channel model used in the 

simulations scenarios. Also, being aware of the fact that packet delivery 

ratio has different meanings and implications in terms of traffic safety with 

respect to the location (i.e. the road segments) of the sender and 

receiver(s), we present the PDR results classified in three categories. 

More specifically, for every channel model used, we present the PDR 

results corresponding to the case of sender/receiver(s) situated on the 

same road (in this case horizontal road), on different roads (sender 

situated on the horizontal road while the intended receivers situated on the 

vertical road), and finally all potential receivers regardless on which road 

they are situated. We term this latter case “all roads”. Furthermore, to 

show the effect of distance (from the sender) on PDR, we define four sets 

of relevance distances, namely, 50, 200, 400 and 600 meters. Note that 

these ranges are different from the transmission range, and used only to 

demonstrate the impacts of sender-receiver distance on the PDR value. 

As a further note on the simulation results, we present the average PDRs 

demonstrated in a unified way so that comparison can be made with 

respect to the three channel models. Finally, we demonstrate PDRs for 
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different phases of the traffic light cycle (that is, green and red phases) in 

order to gain more insights into the impacts of different traffic states on the 

PDR performance metric. 

 

4.2 - Simulation configuration 

The first set of parameters corresponds to those required to build the 

traffic scenario and the mobility model in SUMO. The key parameters in 

this set are the vehicle speed, the traffic density and the traffic light cycle, 

which we have selected to match the configurations used in [5] in order to 

get a near saturation traffic scenario. Street and lane width are set to 

represent the dimensions of an average street. Road length is set to a 

value that gives vehicles room to accelerate and allows communications 

outside the range of the intersection center. Finally, acceleration and 

deceleration are commonly used values in SUMO. 

Table 4.1: Traffic scenario configuration 

Street width 20 meters 

Lane width 3,3 meters 

Road length (until the intersection) 2000 meters 

Max. vehicle speed 20 m/s 

Vehicle acceleration 1 m/s2 

Vehicle deceleration 5 m/s2 

Traffic flow 1043 vehicles per hour and lane 

Number of lanes 1 per direction (4 total) 

Traffic lights cycle 60 seconds (30/30) 

 

Next, we present the parameters corresponding to the DSRC. A key 

parameter in this regard is the beacon rate, which is set to 10 beacons per 

second as the default nominal value recommended by the standard. 

Frequency and wavelength values are set with respect to the 

DSRC/WAVE standard. The remainder of parameter values is borrowed 

from the literature.  

Table 4.2: DSRC parameters 

Frequency 5,89 GHz 

Wave length 0,051 meters 

Beacon rate 10 beacons/s 

Max transmission power 20mW 

Sensitivity -89 dBm 

Bitrate 6 Mbps 
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The next group of parameters corresponds to the simulation runs. This 

includes simulation time, warm-up period and mobility update interval. 

Warm-up period defines the time the simulation runs before the data starts 

being recorded, which makes a notable difference from just recording from 

second 0 since the network is not yet in steady state. The update interval 

defines the simulation time between vehicle position updates in the SUMO 

mobility model. 

Table 4.3: Simulation parameters 

Simulation time 540 s 

Warm-up period 360 s 

Update interval 0,01 s 

 

The following three tables show the parameters for the measurement-

based channel model, according to [2], taking into account the fact that the 

experiments are conducted for an urban scenario. LOS and OLOS 

parameters apply to equation (1.1), while NLOS parameters apply to 

equation (1.2). 

Table 4.4: LOS  parameters 

n1 -1,81 dB 

n2 -2,85 dB 

PL0 -63,9 dB 

σ 4,15 

d0 10 meters 

db 104 meters 

 

Table 4.5: OLOS parameters 

n1 -1,93 dB 

n2 -2,74 dB 

PL0 -72,3 dB 

σ 6,67 

d0 10 meters 

db 104 meters 

 

Table 4.6: NLOS parameters 

nNlos 2,69 

is 0 (urban) 
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Finally, we present the parameters for the other channel models used 

on simulations for the sake of comparison: the free-space model and the 

simple shadowing model. Free-space model is implemented in the simple 

pathloss model class in Veins, and it assumes constant attenuation over 

the signal’s duration. This attenuation is based on the wavelength of the 

signal and the signal’s travelled distance, which has an α exponent. The 

value taken for α is the default one. The simple shadowing model uses the 

obstacle control module to calculate the attenuation produced by every 

obstacle, which has a parameter for the attenuation it causes per wall and 

another for the attenuation per meter the signal suffers when travelling 

through the obstacle. For these two parameters we used their default 

values. 

Table 4.7: Free-space model parameters 

α 3,5 

  

Table 4.8: Simple shadowing parameters 

attenuationPerWall 50dB 

attenuationPerMeter 1dB 

 

 

4.3 – Figures and description 

In the following, the PDR results are demonstrated for free space 

channel model. Accordingly, we highlight the conclusions that can be 

drawn by observing the results. Recall that in the following figures the x-

axis denotes the distance of the transmitter from the center of the 

intersection, and the y-axis represents the packet delivery ratio of vehicles 

in the given relevance distance (represented by distance labels in the 

graphs) to the total number of vehicles within the relevance distance. In 

other words, we aim to demonstrate the PDR performance as a function of 

two distance values: the distance of transmitter from intersection and the 

relevance distance, with the latter being meaningful from traffic safety 

point of view. 

For the free space model (figures 4.1, 4.2 and 4.3), all the attenuation 

is due to distance. Therefore, the main feature that can be observed from 

the figures is that, if the relevance distance is increased, the PDR drops 

because there are more packet losses. At short ranges (figures 4.1.a, 
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4.2.a), the PDR for most transmissions is 1 (100% of the packets sent are 

received successfully). For the maximum relevance distance measured 

(figures 4.1.d, 4.2.d, 4.3.d), the level of PDR is lower than for the minimum 

relevance distance. This can be explained by observing the extreme drop 

in PDR in figure 4.3.d, which appears to happen at around 500 meters 

from the intersection. This indicates that the actual maximum transmission 

range for LOS of the transmissions with the given transmission power is 

smaller than 600 meters, causing an overall PDR decrease, as we 

account for potential receiver vehicles that are outside the transmission 

range for that transmission power. 

Even though the only attenuation present in the channel model is 

caused by distance, it does not mean that the PDR is affected only by it. 

Another important factor that can prevent a vehicle from receiving a 

transmission is the interference. Whenever there is an accumulation of 

vehicles at some point on the road, the PDR is negatively affected, 

particularly seen close to the intersection, but not exclusively. There is a 

phenomenon called platooning that causes vehicles to move close to each 

other (in platoons) due to traffic light. When the traffic light in a given road 

turns red, vehicles start forming a queue behind the traffic light (figure 4.4), 

and when the traffic light turns green, that same queue discharges, but, 

again keep platooning for a non-negligible time duration after discharging 

the queue (figure 4.5). A non-negligible fraction of the failures of packet 

delivery with this model is due to this platooning phenomenon. 

Obviously, vehicles situated far away from the intersection are not in 

range with vehicles on the other road. That is the reason why there is not 

a recorded PDR for the graphs in figure 4.3 on any distance further away 

than the given relevance distance (around 500 meters for the 600 meters 

relevance distance). 
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a) 50 m 

c) 400 m d) 600 m 

b) 200 m 

Figure 4.1: Free space model, all roads 
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a) 50 m 

c) 400 m d) 600 m 

b) 200 m 

Figure 4.2: Free space model, same road 
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a) 50 m 

c) 400 m d) 600 m 

b) 200 m 

Figure 4.3: Free space model, other road 



30 
 

 

   

 

 

 

 

Figure 4.5: Formation of queues in a simulation 

Figure 4.4: Collision of packets in a group of vehicles 
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For the simple shadowing model (figures 4.6, 4.7 and 4.8), the same 

phenomena can be observed as in the free space model, that is, the 

attenuation caused by distance and the interferences caused by platoons. 

However, for this channel model, it can also be seen another factor that 

affects the reception of packets, because the walls of the buildings 

surrounding the intersection generate a new phenomenon that was not 

present in the free-space model: the shadowing. Shadowing is the 

attenuation that affects the signal when it penetrates an obstacle. In this 

scenario, and with this model, it only happens when a vehicle sends a 

transmission to another vehicle situated on the other road, i.e. when there 

is a building in between. This explains the reason why the shadowing can 

only be observed in the scenarios corresponding to the close distances of 

the transmitter to the intersection. It becomes clearly visible in the graphs 

for all roads (figure 4.6) and for the other road (figure 4.8), where the PDR 

close to the center of the intersection drops drastically. It can be seen that 

aside from this dropping, the PDR for this model is still approximately 

100% for most transmissions (figures 4.7.a, 4.7.b, and 4.7.c).  

In a real scenario there would be another phenomenon affecting 

packet reception: the multi-path fading. It is caused by the bouncing of the 

different components of a beam on walls. Its effect is not implemented in 

this propagation model, and that is the reason why the free-space model 

and the simple shadowing model graphs are so similar away from the 

intersection or for receivers in the same road (figures 4.2 and 4.7), and 

one of the reasons why there is a difference between this model and the 

measurement-based model close to the intersection. These similarities 

and differences cannot be easily seen in this set of figures, but it will be 

demonstrated and discussed with more detail later in this chapter. 
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a) 50 m 

c) 400 m d) 600 m 

b) 200 m 

Figure 4.6: Simple Shadowing, all roads 
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a) 50 m 

c) 400 m d) 600 m 

b) 200 m 

Figure 4.7: Simple shadowing, same road 
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a) 50 m 

c) 400 m d) 600 m 

b) 200 m 

Figure 4.8: Simple shadowing, other road 
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For the measurement-based model there are two more factors to take 

into account: vehicles as obstacles and multi-path fading (which is 

indirectly implemented, a consequence of the model being measurement 

based). The former effect can be seen clearly in both figures 4.10 and 

4.11 as vehicles move away from the intersection, when NLOS is no 

longer present. With this channel model, PDR becomes substantially 

worse in the longer distances, and also in the areas close to the 

intersection for packets sent towards vehicles in the same road. However, 

there cannot be seen much difference for transmissions towards the other 

road, as we can compare between figures 4.10 / 4.7 for the same road 

case and 4.12 / 4.8 for the other road case, where the levels of PDR are 

similar. A clear comparison between both models for transmissions to all 

roads can be seen in figure 4.9, where we show the deterioration on the 

performance away from the intersection with respect to the simple 

shadowing model that does not take the adverse effect of moving 

obstacles into account. 

The phenomenon that causes multi-path fading, the bounces on walls 

of different signal components, can cause either a negative or a positive 

impact in signal reception. Close to the intersection, the effect of these 

bounces can actually help on receiving a packet when a building is 

blocking the sight, because the receiver can still receive the signal through 

components that have bounced on a wall, from which the one beam 

bouncing just once gives the most power. This can be better seen in the 

next set of graphs. 

 

Figure 4.9: Comparison between the simple shadowing model (left) and the measurement 

based model (right) for 400 meters and on all roads 
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a) 50 m 

c) 400 m d) 600 m 

b) 200 m 

Figure 4.10: Measurement based, all roads 
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a) 50 m 

c) 400 m d) 600 m 

b) 200 m 

Figure 4.11: Measurement based, same road 
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a) 50 m 

c) 400 m d) 600 m 

b) 200 m 

Figure 4.12: Measurement based, other road 
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To obtain further insights into the differences between the PDR 

performances in the three channel models, we present the mean PDR 

values in the following figures. The blue line in these figures is the average 

PDR for the free-space model, the red line corresponds to the simple 

shadowing model and the green line represents the measurement-based 

model. Viewing the PDR this way enables us to identify aspects that were 

latent in the previous scatter graphs. From the mean PDRs we observe 

that the simple shadowing model and the free-space model behave 

basically the same for vehicles in the same road (figure 4.14) and only 

differ for transmissions to vehicles moving on the other road, albeit in 

distances close to the intersection (4.15). This latter case is also regarded 

as the reason why the two models exhibit such a difference in close areas 

to the intersection in the all roads scenario (figure 4.13). It can also be 

identified that the measurement-based model gives consistently worse 

PDR performances compared to the other two models for transmissions 

on the same road, especially away from the intersection, as seen in figure 

4.14.c. 

A phenomenon that is not identifiable in these graphs, but is 

commented in their explanation, is the effect of signals bouncing on walls. 

As the measurement-based channel takes that effect into account, we can 

see how the transmissions to the other road have better reliability closer to 

the intersection when using the realistic channel compared to when using 

the simple shadowing model instead (figure 4.15). That is because a 

transmission can reach a vehicle when the main beam of the signal is 

blocked by a building, by means of another component of the signal 

bouncing on the wall and reaching the receiver. Re-examining the 

equation (1.2) confirms that the parameters such as distances of both 

receiver and transmitter to the center of the intersection, width of the street 

the receiver is situated on and the distance to the wall for the transmitter 

are used for NLOS, whereas the simple shadowing model is based solely 

in how much a beam penetrates into a wall. This multipath effect was also 

noticed in [18]. 

For a clearer understanding of our results, we also present two of the 

previous graphs (4.13.c and 4.15.c) zoomed in to show only the first 200 

meters surrounding the intersection (figures 4.16 and 4.17). It can be seen 

that the simple shadowing model, which is represented by the red line, has 

worse performance than the measurement-based channel model, 

represented by the green line, up until approximately a hundred meters 

from the intersection. 
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a) 50 m 

c) 400 m d) 600 m 

b) 200 m 

Figure 4.13: Average comparison, all roads 
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a) 50 m 

c) 400 m d) 600 m 

b) 200 m 

Figure 4.14: Average comparison, same road 
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a) 50 m 

c) 400 m d) 600 m 

b) 200 m 

Figure 4.15: Average comparison, other road 
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Figure 4.17: Average comparison zoomed in, all roads, 400 m 

Figure 4.16: Average comparison zoomed in, other road, 400 m 
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The following graphs (4.18 and 4.19) show comparisons of the 

archived PDRs in the two phases of the traffic light cycle. The red light 

phase corresponds to the period that goes from 360 seconds to 390 

seconds of simulation time, and the green light phase goes from 390 

seconds to 420 seconds, with the total red/green cycle being 60 seconds. 

Both figures 4.18 and 4.19 are demonstrated only for a selected relevance 

distance of 400 meters, which we found to be the most representative and 

revealing. To distinguish both phases in the graphs a color scheme has 

been introduced, simply by setting the red color for the red phase and the 

green color for the green phase. In figure 4.18 the PDR for every 

transmission can be seen, while in 4.19 what is shown is the average PDR 

at every position (with a step size of one meter). In 4.19 we have shown 

only the first 500 meters from the intersection, one reason being that the 

closest part of the road to the intersection is the zone of interest and the 

other being that, in around 30 seconds of simulation time, there were not 

enough samples further away from the intersection to get to valid 

conclusions. 

In these graphs we can see that the red light phase exhibits worse 

transmission performance for vehicles close to the intersection. Although 

in 4.18 it can be appreciated that there is more dispersion in the green 

light phase, in 4.19 we clearly see that the average PDR is significantly 

worse for the red phase. These results, as stated in [5], are due to 

vehicles decelerating from high velocities to form the traffic light queue. An 

important factor to keep in mind is that the positions behind the traffic 

queue are probably the most susceptible to incidents, such as crashes 

caused by late brake situations, and this lower PDR performance might be 

something to be concerned about. The green light cycle involves vehicles 

accelerating from a still state, instead of decelerating. The reason why the 

effect is not as noticeable as in red phase is because deceleration is 

usually larger than acceleration. In this simulation, in particular, the 

acceleration rate is set to 1 m/s2, while deceleration is set to 5 m/s2. For 

the free-space model, this effect cannot be noticed in the graphs because 

for that relevance distance the interferences are not strong enough to 

cause the amount of packet losses that would be needed to lower the 

average PDR. 
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a) Free-space 

b) Simple shadowing 

c) Measurement-based 

Figure 4.18: PDR comparison with respect to traffic light phases (red/green) (the 

relevance distance is 400 meters) 
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a) Free-space b) Simple shadowing 

c) Measurement-based 

Figure 4.19: Comparison of mean PDRs with respect to traffic light phases (the relevance 

distance is 400 meters) 
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5. Conclusions and future directions 

5.1 – Conclusions 

In this thesis we have studied the reliability of safety applications in 

vehicular networks, contributing on pushing the state of the art even 

further, by giving a clearer picture of the channel impact on safety 

message transmissions. In chapters 1 and 2 it was stressed that previous 

works had not fully captured the realism of urban vehicular radio 

propagation when simulating, therefore not achieving accurate results. In 

order to address this, we implemented for the first time in a network 

simulator the state of the art radio propagation model presented in [2] 

(equations 1.1 and 1.2), which was developed specifically for vehicular 

network scenarios and achieves the degree of realism we were interested 

in. The novelty of this channel models lays in its ability to capture the 

effects of the signal obstruction caused by vehicles. Therefore, what we 

tried to demonstrate was how much impact the obstructing vehicles 

impose on the reliability performance of vehicular communications in an 

urban scenario. To this aim, we characterized the reliability of an urban 

intersection scenario in forced-flow traffic regime by means of calculating 

the PDR for every transmission in a simulation, matching the 

corresponding distance from the intersection to every PDR, to be able to 

recognize the phenomena according to vehicles’ positions. 

Our findings show that the use of the channel model proposed in [2] 

gives worse performance results overall for safety messages than simpler 

channel models that do not regard the shadowing caused by vehicles, like 

the one implemented in Veins. In particular, the behavior of the 
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measurement-based channel for transmissions not obstructed by buildings 

is always worse than when using any of the other simplistic models 

presented in this work. Nevertheless, the conclusions cannot be simplified 

by saying that previous models were too optimistic, as we have 

demonstrated that in distances close to the intersection (approximately 

100 meters from it) the performance for the measurement-based channel 

is better than for the model that only takes LOS/NLOS into account, which 

was leading to pessimistic results in that area.   

Overall, these findings are expected to encourage other researchers 

to use the measurement-based channel model used in this work for future 

studies wishing to experiment with vehicular communication scenarios, 

especially for safety applications, given they are the most demanding of all 

in terms of reliability. 

 

5.2 – Future directions 

This work leaves some open paths for further research, paths which 

we did not follow due to time constraints or scope of the study.  

One aspect that calls for further work is the study of the change in 

reliability experienced when incrementing the number of lanes per 

direction, something that might be even more interesting when vehicles 

act as obstacles. 

Another variable that could be interesting experimenting with is the 

duration of the traffic light cycle, and see how it affects the PDR with the 

measurement based radio propagation model. The study of vehicular 

communications’ reliability can be extended by means of experimenting 

with other reliability metrics, such as the packet reception ratio (PRR), the 

probability of successful reception (psr), the delivery latency (DL), the inter-

reception time (IRT), the effective range (ER) and the reachable distance 

(RD).   

Finally, it would be interesting to identify the degradations of PDR on 

the graphs and investigate which percentage of them is due to hidden 

terminal interference, and which parts of the road are more susceptible to 

this problem. For doing so, another log with collisions should be extracted 

from the OMNeT++ simulation, by simply creating and writing a file from 

the MAC layer, stating the time of the collision, the tree id of the messages 

that have collided and the position of the receiver. With this data, one 

could determine if both senders could hear each other, by ascertaining if 

they received the broadcast that caused the collision. In case both 
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senders were not able to hear each other we would have a case of hidden 

terminal. In figure 5.1, we show a simplified diagram for this case, where 

the nodes are named A, B and C, and messages are labeled mxy, with x 

being the receiver and y the sender of the message. In the figure, if C 

does not receive mca the collision is caused by hidden terminal 

interference. It works also in the other direction, with mac, but we just 

showed one for the sake of simplicity of the figure. 

 

Figure 5.1: How to identify hidden terminal interference 
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