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ABSTRACT

In modern times, Intelligent Transportation Systems are necessary for effective
communication between vehicles, and the shift to information-driven transporta-
tion is connected to the concept of a digital twin Almeaibed et al. (2021). Wireless
technologies such as VANET (Vehicular Ad hoc Network) have received increasing
consideration lately in vehicular communication. Recent studies have shown that
Vehicle-to-Vehicle (V2V) communication effectively impacts vehicular traffic and
the road environment. However, efficient management of VANETs” operations and
coordination leads to several optimization problems that require to be resolved. It is
seen that it highly takes into consideration nearby objects including moving objects
(adjacent vehicles) as well as static objects (such as Buildings and vegetation), and the
sharing of uncommon channels which act as an obstruction in the network. Hence, an
optimal geometry-based network in Intelligent Transportation Systems can provide
efficient communication between vehicles by taking into consideration the surround-
ing environment. This research aims to acknowledge how the information sharing
between autonomous vehicles gets obstructed due to the surrounding environment
and how the factors interrupt reliability in V2V communications. This will try to
improve the current road scenarios by strengthening information sharing among

connected vehicles” where the surrounding measurements are taken explicitly .
Keywords:ITS (Intelligent Transportation System), VANET (Vehicular Ad hoc Net-

work), V2V, V2I, LOS condition, BLOS(non - LOS condition buildings/ vegetation),
VLOS (non - LOS condition vehicles).
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Chapter 1

Introduction

For a very long time, technology has been encouraged to advance quickly in the
tield of transportation. Wireless Technologies such as VANET has been introduced in
transportation for effective V2V communication where two nodes can appropriately
communicate as share information among each other. These emerging technologies
have been paving the way for unmanned autonomous vehicles. Researchers from
academia and industry are collaborating to create and enhance autonomous vehicle
designs that will rely on inter-car computers, communications, and decision-making
Ghafoor et al. (2018). Among all aspects of modern transportation, dynamic vehicular
movement, and uneven data distribution are the primary causes of intermittent
connectivity Zhao et al. (2022).

1.1 Brief Background

The advancement of active transportation technology systems has been support-
ing drivers of moving vehicles to avoid traffic jams and accidents. There are many
technologies have been proposed to acknowledge the scenarios and improve ve-
hicular communication. The growth of connected cars and the Internet of Things
(IoT) presents some intriguing prospects for people to commute conveniently and
safely Mir & Filali (2017). DTN offers a virtual overview of the transportation net-
work, which can be used to better control traffic and organize public transportation
servicesY. Wu et al. (2021). The recent advancements have led to an ever-growing
diversity of definitions that could result in the technology’s deployment being carried
out ineffectivelyVanDerHorn & Mahadevan (2021). Vehicles participating in data

exchange are given more power through wireless connectivity, which also encourages



the development of vehicular networks (VNs) in vehicular contextsZhao et al. (2022).
In Intelligent Transportation Systems (ITS), widespread use of Vehicular Ad hoc
Networks (VANET) has been used for an adequate period to continuously improve
traffic management efficiency and reduce vehicle collisions/accidents on roads. V2V
communication can observe the surroundings beyond the visible range, and exchange
a wide range of information on vehicle mobility which increases traffic efficiency and
improves driving safety by enabling resources. Functionalities of connected vehicles
involve lane-changing support and constructive collision avoidance for intelligent
transportation systemsGhafoor et al. (2018). However, the scenarios of information
sharing change as the communication range is interrupted due to physical obstruction

that can put a great impact in blocking the communication signals.

1.1.1 Problem statement

For everyday moving around the city people highly depends on public or private
transportation where most of our time is wasted on the roads due to heavy traffic flow
or roadblocks which occur for various reasons and result in car collisions/accidents.
This has raised the requirements for advanced technologies and shown that informa-
tion sharing among autonomous vehicles can reduce the impacts of such scenarios
and provide efficient communication between vehicles. Such wireless technology
as VANET has been proposed for effective data transmission among vehicles. In
vehicle ad hoc networks (VANETs), multi-hop data distribution is crucial for the
implementation of collision avoidance and much more fascinating applicationsC. Wu
et al. (2015). Efficient information broadcasting among cars or other transportation
not only improves communication among vehicles but also saves a lot of time and
hassle for drivers and pedestrians. There are many broadcasting applications have
been proposed and the majority of these applications employ a one-to-many propa-
gation in which a single vehicle transmits a message that is sent to all other vehicles
in a remarkably brief period of time, even when there are many hops Palazzi et al.
(2007). Various protocols have been proposed formats, based either on IEEE 802.11 or
on channelization such as time division, space division, and code division multiple
access Omar et al. (2011). However, the surrounding objects such as buildings, trees,
and vehicles are key factors and act in disturbing vehicle communication in the road
scenario. On the other hand, the uncommon channel also results as obstructing

factor in vehicular communication. This reduces the efficient communication among



vehicles as the communication signals get interrupted which increases delay and loss

of information.

1.2 Aims, objectives and Motivation

The aim, objective, and motivation of the work came from real-world scenarios and the
hassle faced daily on the roads where there is no efficient communication procedure
followed. Even if information sharing as broadcasting among unmanned vehicles
is considered the surrounding objects, environments and the uncommon channel
sharing between the vehicles will result in decreasing the efficiency of information
sharing.

1.2.1 Aims

Any objects or obstruction between vehicles while broadcasting can reduce the effi-
ciency of information sharing among them. of A massive truck blocking the communi-
cation between two nodes or vehicles( transmitter and receiver) might result in extra
attenuation that is more than twenty decibels which are higher than the attenuation
brought on by any personal automobiles Zhao et al. (2020). Hence, it is important
to acknowledge the channel sharing and obstructions among two or multiple nodes
which has a great impact on vehicular communication.

The aim of the research is to resolve the issue of communication between vehicles
taking into consideration the types of communication links (LOS, VLOS, BLOS) and
common channels that exist and cause obstruction and inefficient communication

between vehicles

1.2.2 Objectives

With the knowledge of link obstructions in road scenarios connected autonomous
vehicles (CAV) can efficiently broadcast messages or information to each other. The
primary objective of our research came from the scenarios where effective message
transmission from a source to other nodes was considered. However, which gave

born to important objectives of the research which are given below:
¢ Acknowledge how the links are shared among vehicles.

¢ Identify how links are interrupted due to moving and steady objects.

3



¢ Consider the channel sharing among vehicles and how it works as an obstruc-

tion as well.

* Lastly, have better broadcasting among vehicles as shown in the figure below.

Figure 1.1: Broadcasting information between vehicles

1.2.3 Motivation

On a daily basis, drivers, passengers, and pedestrians have to face safety, security, and
health issues for inefficient information sharing among vehicles. Several broadcasting
strategies have been put out, where statistical-based schemes need nodes to keep any
neighbor information and rebroadcast choice solely depends on local dataBakhouya
et al. (2011). However, the geographic factor can flip the information sharing among
nodes where broadcasting and rebroadcasting get highly affected by it. Hence, the
motivation for the research came from situations such as roadblocks or vehicle colli-
sions/accidents occurring on the road because of inefficient vehicular communication

due to geographical factors which results as an obstruction between the nodes. The

—_———
- e

L —

Figure 1.2: Information Sharing among vehicles in same direction
figure above shows how efficiently information sharing or broadcasting takes place
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for the vehicles moving in the same direction without taking other key factors into
consideration.

1.3 Project Specification

In VANETSs, the broadcast is one of the core services that can distribute different traffic
data Zhang et al. (2019). The primary objective is to effectively propagate messages
from a source node to other destination nodes situated in the same neighborhood
Bakhouya et al. (2011). By minimizing the number of retransmissions, an effective
wireless multi-hop broadcast protocol should enable rapid dissemination Bononi
& Di Felice (2007). In urban environments vehicles continuously move in different
directions where the communicating vehicles are seen to be on different roads and
mobile objects and steady objects are critical for modeling vehicular channels as both
of the objects provide shadow, reflection, and diffraction Viriyasitavat et al. (2015).
Due to the fact that vehicle distribution is dependent on road topology, buildings,
and other obstructions may cause the signal’s strength to drop, especially in urban
areas with plenty of roadside structures Zhao et al. (2020). The study aims to specify
the problem that arises with vehicle mobility in urban areas and tries to focus on
improving the issues by considerating those situations. Specific measures will be
taken as links obstruction and uncommon channels to meet the need and constraints

associated with the problem.

* The design specification for the study includes considering the issues as com-
munication links obstruction due to vehicles or buildings or vegetation , non

obstruction and uncommon channel sharing.

¢ The impact of the proposed model will be evaluated which will try to ensure
that how the links and channel sharing have been putting a greater impact on
V2V communication.



Chapter 2

Literature Review and Analysis

VANET has a more dynamic nature compared to any other network topology Where
designing efficient information dissemination can be an issue due to the dynamic
nature of objects. Many studies have tried to address those constraints and the

overview of the previous studies will be focused on and analyzed in the latter study.

2.1 Studies on V2V Communication

Many studies have lately focused on V2V communication where vehicular distance,
speed, nodes reliability, and efficient broadcasting ways have been taken into mea-
surement. Effective V2V application development calls for improved comprehension
and familiarity with the area in which the vehicles are mostly used Mir & Filali (2017).
The maximum number of V2V communication system applied research focuses on
simulation-based performance evaluations and testbed implementations Mir & Filali
(2017). There have been proposed protocols for efficient broadcasting considering
minimizing the broadcast delay and efficiency Zhang et al. (2019), producing back-
bone vehicles Bononi & Di Felice (2007), fast-delivery multi-hop broadcast Boban
et al. (2010), quality of service assured in packet forwarding in the reliable path to
the destination Ghafoor et al. (2018). Whereas, the main constraint in broadcasting
or multicasting vehicular environment can be the surrounding objects such as cars,

buildings, foliage, or uncommon channel, reducing the link stability.



2.2 Related Work

Research on VANET has mostly ignored how vehicles affect vehicle-to-vehicle (V2V)
communicationBoban et al. (2010). Several studies have been on VANET to improve
V2V communication, such as software-based architecture for better-centralized con-
trol Gao et al. (2018). There are many studies that have considered the link generation
among vehicles where the measurements were performed in different scenarios where
some have considered only highway scenarios Nilsson et al. (2017), and some consid-
ered open space, urban, and suburban Boban et al. (2013). On the other hand, Karedal
et al. (2010) has given thought to all the scenarios(suburban, rural, and highway).
However, the lack of proper data dissemination and inefficiency in route-finding
techniques it becomes troublesome to analyze the link dynamicity. Studies have
shown that signal fading in inter-vehicular communication is mainly influenced by
two dominant types: the Line of sight and ray reflected from the ground Zhang et al.
(2019). Researchers have taken into consideration these dominant rays and it has been
shown that some of them fit well in different scenarios(urban or suburban). Popular
models have been proposed and used to calculate the behavior of the dominant rays

by considering the link type and taking the measurement data into account.

2.3 Analysis

The dynamic nature of VANET faces numerous challenges in terms of data transmis-
sion as the links are quite vulnerable due to vehicle mobility; thus with the weaker
link stability the lifetimes of links reduces and the data transmission or broadcast faces
a struggle to reach their expected nodes Sudheera et al. (2019). Hence, to improve
the link quality and how they are being affected by different literature reviews, an
analysis has been done which shows how the researchers have considered different
scenarios in V2V communication. Some research has identified how different links

can cause obstruction because of surrounding environments.

¢ In Karedal et al. (2010) and has performed measurements into Freeway, urban,
suburban, and remote scenarios and considered the measurement data in LOS

condition. The results showed it fits well in urban scenarios.

¢ In Boban et al. (2010) the measurements were taken into free space, suburban

and city scenarios and used two-ray models which are superior to the model of
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the open space path loss model and results showed that vehicles significantly
obstruct LOS condition and it only fits well in LOS condition.

¢ In Nilsson et al. (2017) it is seen how vehicle shadowing can reduce the perfor-
mance of V2V connectivity in multilink operations. The paper showed how
the shadowing effect of a car can block V2V communication. Autocorrelation
and cross-correlation of signal fading are analyzed in highway scenarios and it

shows that it is crucial to differntiate the issue.

From various research and studies, it is seen that few researchers have acknowledged
obstructed and unobstructed link types for some given scenarios. However, the
uncommon channel can act as an obstruction in link generation which hasn’t been
acknowledged properly. Including all the factors, this field can have a vast scope
to modify link stability and reduce channel loss in the routing and broadcasting

information among unmanned vehicles in the future.



Chapter 3
Methodology

3.1 Proposed Method

3.1.1 Overview of the proposed System

The vehicular network employs different models for broadcasting messages.The com-
munication between vehicles can be efficiently done with the consideration of static
objects, moving objects, and channel sharing among them. However, communicating
with moving objects(Vehicles) and surrounding objects(Buildings/Foliage) can have
a profound impact on V2V communication as they can act as an obstruction that may
cause the signal’s strength to drop, especially in urban areas. In our study, we will
try to bridge the gap between signal attenuation and variation in vehicular mobility
by taking into consideration link stability which gets affected by the surrounding
environments and distinguish the characteristics of the different types of links. Also,
another type of link obstruction will be considered if the common channel sharing is
not found.

Hence we are proposing a geometry-based architecture where four types of sce-
narios will be taken into consideration. The scenarios include:

1: LOS(Line of Sight): Where there is no obstruction between the transmitter and
receiver vehicles.

2. VLOS( Line of Sight of Vehicles ): Where the Links are obstructed because of
any in-between trucks/ cars or vehicles.

3. BLOS(Line of Sight Buildings or foliage): Where the communication between
the transmitter and receiver is obstructed because of in between buildings or foliage.

Here, the reflection and diffraction of the links are seen which increases attenuation.



4. Uncommon Channel: If in the V2V communication, there is no obstructing
factor such as steady objects(building or vegetation) or moving objects (vehicles) is not
found then there can be different sorts of obstruction that an uncommon channel. In
this scenario the vehicles don’t share a similar channel then it will act as an obstruction
in vehicular communication as well.

Here we took into account channel fading and shadowing for each type of link in
which small and large-scale signals are measured based on the surrounding objects.
To implement the architecture we will use r tree to store the building or vehicle
objects in the geographic database. The outline of the building will be gathered
from OpenStreetMap and SUMO will provide vehicular mobility information. The

proposed architecture will provide a visualization with the help of Google earth
visualization.

EENEER
7S

N -

Figure 3.1: The type of links in the vehicular environment and how they are obstruct-
ing efficient communication with them.
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3.1.2 System Model

In the static world and moving vehicular scenario steady objects such as infrastructure
or vegetation and moving objects are the main reason for reflection and diffraction
Boban et al. (2014).

For Line of sight communication, we utilize the model of two-ray ground reflection.

For VLOS communication we consider their location and utilize the concept of the
multiple knife edge in diffraction He et al. (2014).

| Link Type Propagation Model

LOS two ray ground reflection Boban et al. (2013)

BLOS Log distance path model

] VLOS \ vehicle side diffraction knife edge model Boban et al. (2010) He et al. (2014)

|
|
|
|

Table 3.1: Link types and method for propagation.

Xy
oo

‘fZOS

INTOT| = cos(wC(t - dT)) + G cos(wf(r - GC“)) ——————— (1)

ground Gg:“,___l

Figure 3.2: Equation for large scale signal variation. Here, Gground variable is used to
measure the coefficient of the reflection and distance Zground is used for measuring
the reflected ray from the ground.

Log-Distance Path Loss in Deep-Fade Areas:
DL(d) = DL(d0) + 10ylogl0 dd0 ———— (2)

Figure 3.3: A path loss exponent 7y has been used in this equation. Here at a reference
distance of d0 the loss of path is DLdO0 variable.
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DrDL(d) = Dt — dL(d) —————— (3)

Figure 3.4: Equation 03 denotes the log-distance model of path where at distance ‘d’
the received power is ‘DrDL’ which is measured in decibels unit , considering the unit
gained by the antenna. And the ‘Dt’ is the transmitted power which is also measured
in decibel units.

SEL = 0.79f0.61 —————— (4)

Figure 3.5: This equation 04 refers to the use of attenuation through the transmission
model in order to execute transmission through vegetation. Here, the per meter mean
excess loss of transmission due to vegetation is measured with the variable SEL and
the frequency with f in gigahertz.

Combining Multiple Rays: E-Field and Received Power Calculations

IDTOT| = |DLOS +§DMZ3 +% L (5)

Figure 3.6: Equation 5 here measures the power in an E field of the concerned rays
such as LOS, reflected and diffracted ones.

EODO dm: EDDG dv EGDO dﬂ.
|ETOT| = Tcos(wc(t -+ ZM}_Tcus(wC(t -+ ZSchus(wC(t -
105 I j k «

N (6)

Figure 3.7: Here,

EODO = at a reference distance d0 the envelope E field

wc = angular frequency

t = time, E field is evaluated in respect to this duration

Mj = reflected ray j reflection coefficient

Sk = coefficient of the diffraction from the diffracted ray k.

12



Equation for measuring M according to vertical and horizontal orientation,

. 2
—€ sin® +- /e —cos 6,
M =
[ 2
I € sin@ ++/e —cos 0.
r 13 r 13
. [ 2
sm(-)i— € —cos Bi
M o=—"
1 . 2
stn6i+ €,—cos Oi

Figure 3.8: Here,
i = incident angle. r is the proportional permittivity of the material.

_ |NT0T| a

Sr — (08)

4801

Figure 3.9: This equation 08 has been used for calculating the ensuing power

Modeling Small-Scale Signal Variations :
Accounting for Small-Scale Signal Variations:

The small scale signal deviation ¢ is calculated following the below equation,
‘Imaxiamm SBZ DFI
O Cmin ¥ 2 -O\s ot or )
max max

Figure 3.10: This equation 09 has been used for measuring small-scale variables,
where,

omin= smallest small scale deviation for given los kind of i

cmax= the highest value of deviation for los type of i

SBi= Number of moving objects for every unit of area

SBmax= Max Number of moving objects for every unit of area

DFi = Area of steady objects for every unit of area

DFmax = Max surface of steady objects for every unit of area

SrTOTi = 101log10(Sri) + A(O, oi)

Figure 3.11: After combining both the signals and finding out ¢, the resultant power
is measured through this equation
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Chapter 4

Design and Development

4.1 Flowchart Design

Start
Simulalion/r

DY

Static objects ?

Create or load

building/foliage
rtree

>

Noﬁ

For Current Time

Step

create/update vehicle r tree }

!

For current

Receiver pair }

uilding/Foliage’
obstructing links?2

l

Get vehicles, and area of
buildings or foliage data

Calculate reflection of
buildings and vehicles

!

- N
Calculate diffraction of ‘ehicles
s N
L buildings J t
1 r links
Yes
Calculate large scale signal 1 Calculat wved Lol Al
variation (Lr) received power abcu ade reTelv(e,i ‘p?‘wer ( (r’?) [ VLOS link (calculate using LOS link (calculate using two
(based on reflection and (based on (I)ogss stance pat knife edge ) round,
diffraction) ) .
{ : S EE— L\
vy Calculate and add small scale signal

Received power= max( L, Lrpl) %[

variation based on link types

L
Y

Process all
Transmitter Reciever for
current time step

/@5\

P

time steps?

Yes

|End Simulation

Figure 4.1: Flowchart of the architecture.
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The flowchart above shows how the proposed model will perform for different
link types and calculate outputs accordingly.

4.2 Pseudo code of the architecture
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START

if Steady objects ? then
| Produce or load building/vegetation r tree;

else

For ongoing TimeStep;

produce/load vehicle r tree;

For ongoing transmitter/ Receiver connection;

Obtain vehicles inf, and area of infrastructure or vegetation info;

end

f Building/Foliage obstructing links== True then

BLOS link;

calculate reflection of buildings and vehicles;

calculate diffraction of buildings;

calculate large scale signal variation (Lr) ; /* (depending on reflection
and diffraction) */

measure the power recieved (Lrpl)); /* (depending on log distance
channel loss) */

evaluate and add small-scale transmission fluctuation ; /* depending
upon objects and link types */

ot o

else
else if Vehicles obstructing links==True then
| calculate VLOS using knife edge;
end
LOS or uncommon channel;
if LOS==True) then
| LOS link calculate using two ray ground;
else
| uncommon channel;
end
end
while BLOS or VLOS or LOS do
evaluate and add small-scale transmission fluctuation ; /* based on link
types */
if Transmitter Reciever for current time step== true then

check Process all time steps;
if Process all time steps== False then
| END Simulation;
else
| GOTO 5;
end
else
| GOTO Step 7;
end
end
END

16
Algorithm 1: Pseudocode



Chapter 5

Result analysis

The proposed system will be measured in terms of some parameters to analyze how
it performs. To analyze the results, the performance metrics parameters have been

taken into consideration.

5.1 Performance Parameters

To Show the results of the obstruction through obstructed unobstructed and channel
sharing of the links we will need geometry data and vehicular mobility data which
will ensure the model’s performance analysis effectively. Later, Matlab is used to
derive the desired output in KML format to show in google earth visualization.

5.1.1 Geography Data

The geographical data of the road infrastructure and layout of the area is needed
to understand how the links might get obstructed due to them. Hence, the data of
the infrastructure is derived from OpenStreetMap. OpenStreetMap is the free source
database of outlines of buildings and foliage which provides worldwide layouts
through a huge userbase and it has a vast network of contributors. To accomplish this,
the OSM file or format must undergo several conversion steps before being merged

with completely random trips and path information.

5.1.2 Vehicular Mobility Data

In the urban areas, vehicles are continuously moving on different streets. Hence, for
vehicular mobility data, SUMO is utilized to generate urban mobility traces for an
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actual-world road architecture map. After plotting the map from OpenStreetMap we

config it in SUMO to get the floating car data.

| map.osmi
% mycanfig
| sumaoTrace
| test.net
| test.rou
| trips.tnps

Figure 5.1: Openstreetmap and SUMO configuration

5.2 Simulation Results and Outcome

This results shows a visual representation of obstructed and unobstructed links in the
road scenario. After plotting the kml file plotting in Google earth visualization. The
results show the transmitter-receiver signal has been generated in the Vehicular road

scenario.
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Godgle 1O 100

Figure 5.2: Google earth visualization shows the obstructed and non-obstructed links
for a specific location
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Chapter 6

Conclusions

The links that act as an obstruction have been considered in this research. The
model is designed in MATLAB which can be utilized for vehicular and infrastructure
communication. The model has tried to consider each of the link types described
earlier (LOS, VLOS, BLOS, uncommon channel) and it is seen from the analyzed
results that in terms of links generation, each case can be presented accurately by the

model.

6.1 Social, Legal, Ethical, and Environmental Issues

The proposed study aims to consider the types of links their behavior and obstruction
factors and channel sharing through unmanned autonomous vehicles. This futuristic
link stability and channel sharing among unmanned vehicles are considered to uphold
a higher level of safety measurements for all groups of people daily using the roads.
The proposed study was done in a virtual environment and it doesn’t address any
illegal method to collect and maintain data on geometry data or vehicular mobility
data as it was collected from the free source database and configured in a stimulating
environment to trace the mobility. Furthermore, it focuses on how the information is

shared or the links are obstructed by not raising any environmental issues.

6.2 Future works

The next follow-up or future work aims to focus on performance efficiency through
the network. The main base of that is the obstructing communication of the network
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structure and uncommon channel performance analyzing through a network per-
formance and measuring the outcomes. A model initially holds the system’s prior
requirement, with those we will try to derive an efficient outcome with the measured

performance.
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