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Abstract: - This research aims to study the implementation of Vehicular-to-Vehicular (V2V) communication using Kali Linux. This
initiative will largely cover the protocols and standards of the V2V messages, such as Dedicated Short-Range Communications, all while
exploring their practical application, particularly, in the context of packet relaying. The work consists of several steps such as installing
Kali Linux, activating the Virtual Private Network and launching the virtual machine with software like Virtual Box. As the implications
will be focused on the relaying aspects of V2V message protocols and standards, this will provide substantial insight into their technical
and performance aspects. Firstly, one should install Kali Linux, a distribution based on designed for digital forensics and pretesting. The
system offers a wide spectrum of possibilities to test multiple networking protocols and techniques, which makes it a Perfect Environment
for the experience of VV2V. The next part describes the importance of the VPN activation on Kali Linux to secure the communication.
VPN is necessary for V2V as they exchange sensitive up-to-date information about traffic and warnings of possible accidents. Also, the
third point in this installation scenario is the laboratory setup, which is done using virtual machines. The virtual machine helps create real-
life V2V scenarios in a controlled laboratory environment. It is essential for experimenting with different types of protocols and standards
in different conditions and traffic simulations to prove the usage and effectiveness of the standards. The protocol and standards part
describes the V2V protocols, focusing on DSRC. DSRC is positioned as a base for many protocols and V2V safety applications. Using
DSRC, V2I applications are made through the support of roadway infrastructure. DSRC-based V21 possibility is the gateway to a more
intelligent national surface system. Finally, the overall performance of the relay activity is tested by running packet delivery ratios for the
experiments on the same street and the street cutting the first one at a T-junction. The results are proving the point of protocol and
importance. Thus, the present research describes the experience of V2V communication application and performance with the help of Kali
Linux possibilities. The research shows that Vehicular-to-Vehicular communication holds many opportunities and perspectives, which
will be developed and maintained over time with the help of new technologies.
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I.  INTRODUCTION

A. VANET Fundamentals

LTE is popularly known as 4G LTE this a significant advancement in the category of wireless communications. It
was mainly conceived for use in mobile broadband data communication requirements and covers most of the
VANETS’ domain. [2].

Vehicular Ad hoc Networks (VANETS) are a subset of Mobile Ad hoc Networks (MANETS) in which vehicles
and roadside units (RSUs) form the communication topology. VANETSs’ ultimate objective is to provide V2V and
V2l communications to improve road safety, traffic control [1] and entertainment and comfort of drivers and
passengers and the cooperation among vehicles is key to their functionality.

B. The Role of LTE in VANETSs

LTE is popularly known as 4G LTE this a significant advancement in the category of wireless communications. It
was mainly conceived for use in mobile broadband data communication requirements and covers most of the
VANETS’ domain. [2].

. Ubiquitous Connectivity: LTE offers almost everywhere connectivity in most of the urban and suburban
regions which makes [2] it a good candidate for VANETSs. This connectivity lets vehicles remain connected to
one another and also with such objects as traffic signals, road signs, and a central traffic control center.
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. High Data Rates: They claimed that LTE can sustain high data rates, which enable the system to send
the required amount of data in the shortest time possible. This is very important in VANETSs where the
communication delay and throughput significantly impact the forward collision warning, lane change advisories
traffic signal information, etc., and infotainment [3].

. Quality of Service (QoS): LTE includes QoS protocols that can allow safety relevant information to be
superior to non-precious data for instance an emergency brake signal.
. Low Latency: Due to the nature of VANETS communication delay is a major constraint where timely

decision has major consequences on road safety. This LTE technology is correct to reduce the communication
delay, and therefore it is right for real time applications in VANETS.

Il. PRE-EXISTING TECHNIQUES

Vehicular hoc networks (VANETS) have attracted significant attention to communications and resources sharing
techniques and protocols have been proposed profusely to meet the dynamic nature of vehicular environments. In
this section, we focus in on a thorough literature survey of the various techniques as well as protocols that are
applied in VANETSs and how they can be characterized in terms of performance and weakness.

A. |EEE 802.11p (WAVE)

The IEEE 802.11p Wireless Access for Vehicular Environments (WAVE) was one of the first standards initially
developed for VANETS. It is deployed in the 5.9 GHz band and is designed for use in vehicle-to-vehicle (V2V)
communication and vehicle to infrastructure (V21) [4].

Key characteristics and considerations include:

. Dedicated Frequency Band: 802.11p operates in a dedicated frequency band, reducing interference from
other wireless technologies and ensuring reliable communication.

) Short Range: The technology is primarily designed for short-range communications, making it suitable
for safety-critical applications such as collision warnings.

) Low Latency: 802.11p offers low-latency communication, making it suitable for time-sensitive safety
applications.

) Limited Scalability: One limitation is its limited scalability in terms of the number of concurrent users

and communication range.

B. Dedicated Short Range Communications (DSRC)

DSRC is a communication standard found in use in the United States and which is based on the IEEE 802.11p
standard [5]. They are used in Intelligent Transportation Systems (ITS) where they are applied in attacks like
electronic toll collection and vehicle to roadside infrastructure communication.

. ITS Applications: It will be also necessary to note that DSRC is already used in such applications as
ETC and V2l in traffic control [6].
. Limited Global Adoption: Most of its application is implemented in the United States, and this causes

problems whenever cars move to another country which uses a different system of communication.

C. EEE 1609 WAVE Standards

While the 802.11p and DSRC are developed for vehicle communication, the IEEE 1609 standards provide a more
set of protocols related to this topic. These standards target both the lower protocols which include the physical
and data link layers and the higher protocols the networking and transport layers [7].

) Full-Stack Solution: The IEEE 1609 standards contain all the facets of the V2V/WAVE technology that
guarantee consonance and compatibility of to-do from different manufactures.
. Security Mechanisms: These standards include security mechanisms to protect communication and the

privacy of users.
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. Interoperability: The standards emphasize interoperability and compatibility, allowing for seamless
communication among different vendors' equipment.

D. Geo Networking (ETSI EN 302 636)

Geo Networking is an ETSI standard aimed to provide means for cooperative vehicular communication system. It
is mostly applied together with IEEE 1609 standards [8].

. Geographic Routing: Geo Networking emphasizes geographic routing, where messages are forwarded
based on their geographic location rather than traditional IP addresses.

. Efficient Multicast: The standard supports efficient multicast communications, enabling the
dissemination of information to a specific geographical area [9].

. Scalability: Geo Networking is known for its scalability and the ability to efficiently handle large
numbers of vehicles.

E. Cellular-Based Approaches

Apart from these vehicle-centric communication standards, mobile-network dependent solutions have also tended
to become fashionable in VANET leveraging the increased adoption of LTE and 5G. [10].

. Cellular V2X (C-V2X): Cellular V2X is a system that builds upon LTE technology to allow direct car-to-
car and car-to-infrastructure communication and provides low end-to-end latency with high data rate. It
incorporates Vehicle to Everything communication (V2X) and device to device communication (D2D).

. Advantages: The cellular-based approach has huge advantages because of the large coverage of the
networks and is ideal to be implemented in both the developed and the developing worlds. They can be used to
deliver rather essential messages or other classified and relevant non-safety related information to passengers such
as movies, TV shows, etc.

. Challenges: However, Davenport and Wright’s system faces challenges using commercial cellular
networks such as congestion, handovers, and subscription costs.

VANETS, as dynamic and complex vehicular environments, present certain challenges and needs that may make
it difficult to achieve efficient communication and share resources effectively. Of most importance in the
formulation of sound protocols and techniques to handle such incidents is to appreciate such challenges as these.
In this part of the paper, we highlight the major issues and minimum prerequisites based on the integration of
VANETSs and LTE. In this section, we discuss the primary challenges and essential requirements in the context of
VANETSs and LTE integration.

I1l. CHALLENGES AND REQUIREMENTS OF PRE-EXISTING TECHNIQUES

A Concept of VANETS is high mobility of vehicles.

. Frequent Handovers: Cars are in constant motion with expectations for handover from one base station
to another, more often. There should be smooth handover methods such that there are no gaps in communication.
. Dynamic Network Topology: Unlike fixed wired network, the topology of VANETSs alters frequently

because of vehicular mobility. Connectivity, therefore, requires these protocols to change to remain integrated.

B. Varying Network Conditions

VANETs work under varying conditions in city roads, intercity motorways, and much more. This varying
network condition | have described poses issues:

. Urban Congestion: In densely populated areas, the network can be congested which would slow down
the running of the networks and therefore the reliability of communications.
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. Rural and Remote Areas: A few places may not have network coverage or may have a limited coverage
making the solutions to be implemented to cover such places.

C. Low Latency
Low-latency communication is critical in VANETS, particularly for safety-critical applications:

o Collision Avoidance: Some services such as collision avoidance involve warning and response that
needs to be transmitted in the shortest time [11].
. Traffic Management: Real-time traffic control and congestion alerts require low latency in data

communications to be successful.

D. Scalability
Scalability is a fundamental requirement for VANETS, as they must accommodate a growing number of vehicles:

. Concurrent Users: A major requirement that the network must meet is related to the number of users
that are able to communicate simultaneously at any one time.
. Resource Allocation: There is a problem with the management of resources when the number of users is

large, and there are scarce resources in the network.

E. Security and Privacy

Security and privacy are paramount in VANETSs, where the reliability of safety-critical messages and the
confidentiality of user data is crucial:

. Secure Communication: There are certain aspects of secure communication and message integrity that
need to be taken to avoid critical attacks [12].
. User Privacy: The privacy-preserving technique will be needed since the users of such systems and their

data cannot be identified.

F. Resource Management
Efficient resource management is vital for optimizing communication in VANETS:

. Spectrum Utilization: Preventing interference and congestion in the net can be one of the solutions if the
wireless spectrum is well coordinated.
. Quality of Service (QoS): QoS mechanisms have become important to want to prioritize safety-sensitive

messages over those which are not as critical on time.

G. Connectivity Across Regions

As VANETS are not limited to being established within a nation’s geographical boundary, the connections need to
be smooth when cars move to different zones that use different communication protocols:

. International Roaming: Vehicles require communication to occur even when they enter other countries
that may use a unique communication standard.
. Interoperability: The integration standards and protocols necessary for vehicles to be able to

communicate to each other are even pivotal if not more so of the vehicle’s origin or destination.

H. Environmental Considerations

Environmental factors such as weather conditions can impact communication in VANETS:
. Harsh Weather: Domingo noted that Wireless communication is affected by weather conditions such as
the rains or snow.
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. Physical Obstructions: There can always be other barriers to signal reception such as buildings or even
more complicated man-made structures such as tall buildings.

IV. PROPOSED TECHNIQUE FOR ESTABLISHING V2V COMMUNICATION

Optimal vehicular networking and common resource pool implementation in Vehicular hoc networks (VANETS)
by Long-Term Evolution (LTE) are required to harness the potential of present-day transportation framework
[13]. In this section, the reader is introduced to a few advanced and promising ideas and methods that have been
considered for VANETS, having regard to its particularities and demands.

A Cooperative Awareness Messaging (CAM)

Cooperative Awareness Messaging or CAM is one of the cornerstones of the European approach to VANETS. It
allows vehicles to share status, location and other safety relevant information with adjacent vehicles [14].

1) CAM Functionality: Digital CAM messages include speed, heading and positional information,
transmitted from one vehicle to another. These messages form the foundation of several safety applications in the
car, such as collision avoidance and control of traffic. CAM messages are performed with low and therefore fast
latency times.

2) Decentralized Resource Sharing: Decentralized resource sharing solutions are designed to enhance
utilization of the network resources and the accomplishment of communication in VANETS. It is noteworthy that
these approaches can be subdivided into a few types.

a) Adaptive Spectrum Allocation: Compared to dedicated spectrum, this approach efficiently load-balances
spectrum depending on traffic conditions and density of vehicles, thus reducing interference, and improving
spectrum usage.

b) Cognitive Radio Networks: Intelligent access of frequency bands used in the communication by the
vehicle means that communication can occur even in evolving environment through the use of cognitive radio
technology.

c) Dynamic Channel Assignment: According to the communication requirements and traffic patterns, the
dynamic channel assignment schemes are used to assign the communication channels to the vehicles.
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Fig. 1 V2V Communication mode
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B. Geo graphic and Cluster-Based Routing

Geo graphic and cluster-based routing protocols are designed to enhance the routing mechanism and to minimize
overhead in VANETS. These protocols employ the location information to give a path through which to route data
[15]. GPSR (Greedy Perimeter Stateless Routing) algorithm which employs geographic routing to spread the
messages. Inter cluster-based protocols organize the entire network into clusters, where each of them has a cluster
head. This hierarchical approach saves many overheads of route updates and could deliver additional scalability.

C. Quality of Service (QoS) Mechanisms

The quality of services required in VANETS varies differently and thus the need to maintain the quality of service
for all the types of communication:

. Message Prioritization: QoS mechanisms addresses the issue of timing nonetheless differentiates
between important messages like warnings and less critical data.
. Bandwidth Allocation: This is very important because it assigns bandwidth in proportion to the need of

communication for different applications in the available resources.

D. Security and Privacy Enhancements

Applying the most recent security and privacy enhancement techniques is crucial to maintaining communication
confidentiality in VANETSs [16]. Other features such as the digital signature and message authentication code
(MAC) make sure that the messages are not intertwined in any ugly ways by somebody.

E. Multi-Channel Communication

Portable communications are a method that can make use of many-channel to enable a vehicle to communicate
through more than one channel:

. Load Balancing: In multi-channel communication, the process implies that the communication load can
be divided in that it does not overload any of the channels.
. Spectrum Diversity: The use of multiple channels increases spectrum diversity and hence reliability of

messages under different network environments.

F. Fog and Edge Computing
Fog and edge computing consequent computation near the data source supposes several benefits in VANETS:

. Low Latency: data processing at network edge minis latency and leads to the real-time decision which is
crucial in safety-related applications.
. Edge-Based Security: Security measures that are implemented at this software network level can be able

to detect and respond to threats faster.

G. Machine Learning and Artificial Intelligence (Al)

To improve the VANET systems and the decision-making Machine learning and Al technique has to be
implemented:

. Traffic Prediction: Some of the functions include traffic flow predictions, wherein the models learned
from them ensure directions of vehicles can switch and speeds adjusted.
. Anomaly Detection: The Al algorithms can detect the emerging of curt behaviors in the network, thus

making the system secure.
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V. COMPARATIVE ANALYSIS

In our case of studying the domain of communication and resource sharing in VANET using LTE, it is imperative
to evaluate the current technique and protocols performance over the proposed approaches. Here, we carry out the
evaluation and assessment of the performance and efficiency in opposition to each other based on various
parameters.

A. Performance Metrics

In order to perform more comprehensive comparative analysis, we choose such indicators of its performance. For that
reason, the following measures are central to evaluating the effectiveness of these approaches and procedures

o Latency: Reliability and low delay are the two critical factors in VANETS, and more so for safety
relevant applications such as collision avoidance. The amount of delay which is introduced by each of the
solutions has to be measured.

. Throughput: This is usually the measure of the amount of data that can be carried in the network at any
one time. Hence, the key performance indicator for VANETS is high throughput due to the requirement of
applications like real time traffic information and infotainment.

. Scalability: Another parameter is scalability and particularly in the areas where concentration of people
traffic is high. It decides whether a solution can scale for accommaodating increasing numbers of vehicles.
. Security: Some of the security parameters are the capability to maintain confidentiality, integrity of

messages, as well as confidentiality of the user's data. To this end, strong security measures, which can be easily
adapted to an environment created by intelligent vehicles, need to be in place.

. Resource Efficiency: Resource management and the call admission control technique of available
spectrum and bandwidths are essential to avoid network traffic congestion and from utilization of available
resources.

Table 1 Comparative enhancement of proposed technology

Limitations

Technology/Protocol

Advantages

IEEE 802.11p(WAVE)

-Low latency communication
-Short range communication
-Dedicated frequency band

-Limited scalability
-Security vulnerabilities

Dedicated Short Range
Communication (DSRC)

-Widely used in ITS applications
-Support for V21 communication

-Position as a base for many protocols

-Limited global adoption

-Challenges with international roaming

IEEE 1609 WAVE Standards

-Full stack solution for vehicular
network
-Enhanced interoperability

-Security mechanisms included

-Necessitates significant infrastructure

-Requires adoption by manufactures

Geo Networking (ETSI EN 302636)

-Geographic routing for efficient
forwarding
-Efficient multicast

-Scalability

-Reliance on geographic info can be

challenging

Cellular-Based Approaches

-Extensive network coverage
-High throughput

-Support for diverse applications

-Network congestion

Proposed Techniques/Protocols

-Improved low latency for safety

applications

-Implementation complexity

-Security concerns
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-Improved scalability

-Resource efficiency

B.

Applications Developed for V2V Communication Systems from Existing Systems

VANET (Vehicular Ad-Hoc Networks) structure, share a fundamental basis but may vary in terms of
certification, hierarchy, and communication rules.

1)
a)
b)
c)

2)
a)
b)
c)

3)
a)
b)
c)

On Board Unit (OBU)

Modules installed on vehicles.

Responsible for communication within the vehicle and with other vehicles, RSUs, and server units.
Executes various applications and protocols designed for VANET systems.

Roadside Unit (RSU)
Modules installed on the infrastructure or road units.
Facilitates communication between vehicles and the infrastructure.

Provides services such as traffic information, road condition updates, and safety warnings to vehicles.

Server Unit (SU)

Units located on general servers.

Centralized units that manage and coordinate communication within the VANET system.
Handle tasks such as authentication, data storage, and overall system management.

SERVICE
PROVIDER

MANUFACTURERS TTPs LEGAL AUTHORITY

TTP SERVICE SERVICE DATA

V2I/12V DATA

OBU TPM SENSORS

V2V DATA

Fig. 2 Applications Developed for V2V Communication Systems from Existing System

V1. PERFORMANCES OF EXISTING TECHNIQUES AND DEVELOPED PROTOCOL

In our comparative analysis, we first evaluate the performance of existing techniques and protocols.

A

IEEE 802.11p (WAVE)

Latency: 802.11p also has low latency, so it can be used for safety-related messages.

Throughput: However, it is designed for near field communication and therefore is not very effective
through put for applications that entail a lot of data transfer.
Scalability: 802.11p has issues of scalability hence it’s not very efficient in a highly built populated area.
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. Security: Security was designed to work on the lower layers of the OSI model for the 802.11p system, as
a result of which secure connection established on these protocols is vulnerable.

B. Dedicated Short Range Communications (DSRC)

o Performance: DSRC takes a lot from 802.11p and has related advantages and drawbacks.

. Regional Variation: With its regional usage especially in America, it presents problems of international
roaming.

C. IEEE 1609 WAVE Standards

. Full-Stack Solution: The IEEE 1609 standards provide full package with higher level of integration and
security integration than the current standards.

o Latency and Throughput: The standards declare that safety-essential use cases require low latency and
high throughput for exchanging information.

. Scalability: IEEE 1609 standards have advantage in scalability than other standards due to their design
nature.

D. Geo Networking (ETSI EN 302 636)

. Geographic Routing: Geo Networking's geographic routing improves routing efficiency in VANETS.

) Scalability: It is known for its scalability and efficient handling of a large number of vehicles.

. Challenges: Its reliance on geographic information can face challenges in dynamic environments.

E. Cellular-Based Approaches

) Cellular V2X (C-V2X): C-V2X offers low-latency, high-throughput communication, especially in urban
areas.

. Coverage: Its reliance on commercial cellular networks ensures coverage in urban and remote areas.

. Challenges: Network congestion and subscription costs can pose challenges.

VIl. PROPOSED TECHNIQUES AND PROTOCOLS

A Proposed Protocols

VANET (Vehicular Ad-Hoc Networks) structure, share a fundamental basis but may vary in terms of
certification, hierarchy, and communication rules.

1) Cooperative Awareness Messaging (CAM)

a) Performance: CAM excels in low-latency communication for safety-critical applications.

b) Scalability: It is designed to handle many vehicles effectively [17].

c) Security: Security mechanisms are crucial to protect the integrity of CAM messages.

2) Decentralized Resource Sharing

a) Adaptive Spectrum Allocation: These approaches enhance the use of available spectrum to allow for
better utilization with little or no interference as well as congestion.

b) Cognitive Radio Networks: Technology in cognitive radio provides means to improve efficiency and
utilization of the spectrum.

c) Dynamic Channel Assignment: It also means that the resource is allocated in the best way to give a fair

and effective way of using data.
3) Geographic and Cluster-Based Routing

a) Geographic Routing: Geographic routing enhances the routing function and is favorable where traffic is
random, and the geographical location is open.
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b) Cluster-Based Routing: as observed in [18], hierarchical clustering cuts across some costs, which leads
to scalability.

4) Quality of Service (QoS) Mechanisms

a) Message Prioritization: QoS mechanisms enhance the safety-critical messages and makes sure that they
are delivered within the shortest time possible.

b) Bandwidth Allocation: Optimizing on the use of bandwidth is achieved through efficient allocation of

the resources.

5) Security and Privacy Enhancements

a) Message Authentication: Other form of security such as digital signatures that enable the messages to be
authentic in their communications.

b) Pseudonym Management: Privacy maintaining techniques serve to ensure that user identities are kept
confidential.

6) Multi-Channel Communication

a) Load Balancing: The examination of multi-channel communication shows that it can diffuse the
communication load so that no channel overloads [19].

b) Spectrum Diversity: Thus, the use of the different means of communication increases the reliability of

the communication.

7) Fog and Edge Computing

a) Low Latency: Real-time decisions can be achieved through fog and edge computing decreasing the
latency level.

b) Edge-Based Security: Measures of security provided at the edge make it easy to detect and contain

threats [20].

8) Machine Learning and Artificial Intelligence (Al)

a) Traffic Prediction: Several traffic forecasts can be obtained through machine learning models to enable
adjustments of the selected route and speed.

b) Anomaly Detection: Abnormality is recognized through the Al algorithms with the ability to correct

them hence improving security [21].

B. Comparative Assessment

A comparative assessment of existing techniques and protocols with proposed solutions reveals several critical
points:

. Current standards such as IEEE 802.11p, and DSRC provide low latency, but they are not scalable to
many numbers, and their security may also be inadequate.

. Resulting IEEE 1609 standards offer a more solid solution whilst offering better scalability and security.
. The combined cellular-based approaches like the C-V2X have capability to provide a ubiquitous
coverage but challenges related to network traffic and subscription can occur.

. Various requirements have been listed such as low latency, scalability, resource utilization, security, and
privacy.

. The selection of technique or protocol must, therefore, depend on certain basic parameters of VANET

that is to be deployed [22].

Table 2 Performance based table with proposed techniques

Performance Metrics Existing Techniques Proposed techniques
Latency Low latency Improved Low latency
Throughput Limited throughput High throughput
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Scalability Limited Scalability Improved Scalability
Security Limited Security Enhanced Security
Resource Efficiency Varies Optimized
C. Algorithm to Developed Protocol for Establishing V2V Communication using Kali Linux
1) Understanding V2V Communication:
a) V2V communication involves wireless signals exchanged between vehicles to share information about
accidents, weather conditions, roadblocks, and traffic as u can see in fig 3.
b) Unlike traditional Original Equipment Manufacturer (OEM) embedded systems that rely on sensors
and cameras, V2V communication provides more effective real-time data exchangel.
2) Steps to Set Up V2V Communication Using Kali Linux:
a) Install Kali Linux:
I)If you haven’t already, download and install Kali Linux on your system.
b) Enable VPN (Virtual Private Network):

I1)Kali Linux does not come with VPN pre-installed.
111)Download Open VPN configuration files (.ovpn) from a VPN provider’s website.
IV) Install Open VPN on Kali Linux.
V) Configure Open VPN using the downloaded .ovpn files2.
C) Create a Virtual Machine (VM):
I)Use virtualization software like Virtual Box to create a Kali Linux VM.
I1) This allows you to run Kali Linux as a separate environment, interact with other VMs, and take snapshots for
easy rollbacks.
3) Explore V2V Protocols and Standards:
a) DSRC (Dedicated Short-Range Communications):
)DSRC technology supports V2V safety applications.
I1)It enables communication between vehicles and infrastructure (V2I) when combined with roadway
infrastructure.
I11)DSRC-based V21 communications serve as a gateway for broader intelligent transportation systems.

Package Installation and Initial Setup LTE Modem Setup and Connection Network Discovery and Troubleshooting

Prerequisites

Check modem: dmesg and list
serial ports: Is /dev/tty*

l

i

Install necessary packages

LTE Modem Setup

l

l

Run: sudo apt update

Switch modem to LTE mode if
applicable

I

I

Run: sudo apt install python3-pip
python3-networkmanager usb-
modeswitch

Run: sudo usb_modeswitch -v Ox -
pOx-M ...

l

l

Install LTE Modem Library: sudo
pip3 install

LTE Connection using
ModemManager

I

l

Identify modem's serial port

[Start ModemManager service: sudo
systemctl start ModemManager

!

I

Check modem: dmesg and list
serial ports: Is /dev/tty™

Check modem status: mmcli -m 0

l

Connect to LTE network: sudo
mmcli -m 0 --simple-connect with

APN, user, and password

Connect to LTE network: sudo
mmcli -m 0 --simple-connect with
APN, user, and password

l

Network Discovery and Data
Exchange using Python

l

Refer to Python code examples for
network discovery, data exchange,
and message handling

I

Troubleshooting

l

Check modem status: mmcli -m 0

I

View logs: journalctl -u
ModemManager

I

Monitor network interfaces: ip link
show

l

Use network tools for debugging:
ping and nmap

Fig. 3 LTE Modem Setup and Network Management on Linux
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VII1. PERFORMANCE EVALUATION USING RELAYING AND KALI LINUX FOR V2V COMMUNICATION

Comparing the tagging accuracy of the R1 on Tagged Vehicles based on the two orientations of the street, as
shown in table 3. The machine produced a tagging accuracy of 0.85 on the same oriented street and 0.78 on the
perpendicularly oriented street. Tagged Vehicle R2 had a slightly higher accuracy on the same street it scored a
0.91 while on the perpendicular street; it scored 0.82. Thus, the obtained results show a significant dependence of
the tags performance on the street orientation and reveal the impact of environmental factors on vehicle Detection
Street. As depicted similarly in fig 4. Tagged Vehicle R2 demonstrated higher accuracy on the same street with a
score of 0.91, compared to 0.82 on the perpendicular street. These results indicate a notable difference in tagging
effectiveness based on street orientation, highlighting the influence of environmental factors on vehicle detection.

Table 3 Performance Evaluation- Packet Delivery Ratio

Scenario Same Street Perpendicular Street
Tagged Vehicle R1 0.85 0.78
Tagged Vehicle R2 0.91 0.82
Performance Evaluation - Packet Delivery Ratio
—&— Same Street
—&— Perpendicular Street
0.90
0.88 -
0.86 -
§ 0.84

0.82 1

0.80

0.78 A

Tagged Vehicle R1

Scenario

Tagged Vehicle R2

Fig. 4 Performance Evaluation- Packet Delivery Ratio
Comparison of Relaying Techniques Over Time

0.9 1

0.8 1

Value

0.6 1

0.5 1

0.3 1

—&— With Relaying (Dedicated)
—&— With Relaying (Dynamic)
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The investigation of data transmission over time shows that both relaying methods (dedicated and dynamic)
performed higher than the non-relaying approach in all trials based on Table 4. It was observed that dynamic
relaying performs slightly better than dedicated relaying over all time periods, although the greatest difference is
at short times only. As shown in fig 5. All the methods were found to reduce their transmission efficiency as time
went on and the difference between the two methods became less and less apparent. Relaying approach dynamic
relaying showed slightly higher performance than dedicated relaying across all time intervals, with the most
significant differences observed at shorter times. Over time, all methods experienced a decline in transmission
efficiency, with the gap between the approaches narrowing as time increased.

Table 4 Comparison of relaying technique in Same Street

Time With Relaying With Relaying Without

(Dedicated) (Dynamic) Relaying
10 0.93 0.96 0.85
15 0.85 0.9 0.8
20 0.75 0.78 0.7
25 0.6 0.65 0.6
30 0.5 0.56 0.5
35 0.43 0.49 0.46
40 0.38 0.42 0.4
45 0.33 0.39 0.35
50 0.29 0.36 0.32
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Fig. 6 Packet Delivery Ratio (PDR) Presentation Comparison When Tagged Vehicle R1 in Perpendicular Street

In accordance with the data, both the fully dedicated and dynamic methods of relaying maximize the results as
according to Table 5. Compared to non-relaying varieties in each of the scenarios, dynamic relaying is seen to
outdo dedicated relaying notably at time intervals which are earlier. However, if relaying does not take place,
performance is substantially below this level and declines to a rate of zero during the 50th minute. All methods
demonstrate a decrement in the efficiency as some or all the factors making up the time parameter evolve with
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time interval efficiently improve performance compared to the non-relaying approach. Dynamic relaying
consistently outperforms dedicated relaying, particularly at earlier time intervals. Without relaying performance
remains notably low, dropping to zero by the 50-minute mark. All methods show a gradual decline in efficiency
as time progresses as depict in fig 6.

Table 5 Comparison of relaying technique in Perpendicular Street

Time With Relaying With Relaying Without
(Dedicated) (Dynamic) Relaying
10 0.8 0.83 0.18
15 0.62 0.7 0.16
20 0.42 0.5 0.12
25 0.3 0.35 0.1
30 0.2 0.25 0.06
35 0.18 0.21 0.04
40 0.15 0.18 0.02
45 0.13 0.16 0.01
50 0.1 0.13 0
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Fig. 7 Packet Delivery Ratio (PDR) Presentation Comparison When Tagged Vehicle R2 in Same Street

The evaluation of relaying methods highlights that both, dedicated and dynamic types provide higher performance
than non-relaying, while dynamic type reveals higher result in all time intervals. Fig 7 the overall efficiency of all
methods weakens with time, while dynamic relaying continues to stay slightly ahead of the others. The non-
relaying method shows the least proficiency in overall percentage of learning at the end of twenty minutes, and
progressively declines thereafter dynamic relaying yielding slightly higher performance across all time intervals.
Performance gradually declines over time for all methods, but dynamic relaying consistently maintains a marginal
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advantage. Table 6 the non-relaying method demonstrates the lowest overall efficiency, especially as time
progresses beyond 20 minutes.

Table 6 Comparison of relaying technique of over time with relaying and without relaying in same street

Time With Relaying With Relaying Without

(Dedicated) (Dynamic) Relaying
10 0.96 0.98 0.9
15 0.9 0.93 0.82
20 0.74 0.78 0.7
25 0.62 0.65 0.6
30 0.52 0.56 0.5
35 0.44 0.47 0.42
40 0.38 0.44 0.39
45 0.34 0.4 0.37
50 0.3 0.38 0.34

Comparison of Relaying Techniques Over Time
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Fig. 8 Packet Delivery Ratio (PDR) Presentation Comparison When Tagged Vehicle R2 in Perpendicular Street

These findings confirmed the benefits of relaying methods by showing that the two forms of relaying; dedicated
and dynamic relaying yielded better results than the non-relaying. Comparing the performance of dynamic and
dedicated relaying for each time slot, we identify that dynamic relaying performs better than the dedicated
relaying. As shown in fig 8 this is seen where relaying has not occurred, performance decreases dramatically all
the way to zero at 50 minutes. All methods degrade as time goes on, but relaying is still significantly behind non-
relaying in terms of efficiency approach. Dynamic relaying consistently shows better performance than dedicated
relaying across all time intervals. In contrast, without relaying, performance is significantly lower, dropping to
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zero by 50 minutes. As depend upon Table 7 time progresses, all methods experience a decline in efficiency, but
the gap between relaying and non-relaying remains substantial.

Table 7 Comparison of relaying technique of over time with relaying and without relaying in
Perpendicular Street

Time With Relaying With Relaying Without
(Dedicated) (Dynamic) Relaying
10 0.85 0.9 0.18
15 0.73 0.76 0.16
20 0.57 0.6 0.12
25 0.36 0.44 0.1
30 0.3 0.38 0.06
35 0.25 0.3 0.04
40 0.17 0.2 0.02
45 0.14 0.18 0.01
50 0.1 0.15 0
CONCLUSION

In conclusion, this study offers a thorough insight into the establishment of Vehicular-to-Vehicular
communication (V2V) via Kali Linux, implementing its protocols and standards such as Dedicated Short-Range
Communications (DSRC). The study shows how the creation of a virtual machine is necessary for simulating real
environment establishment of V2V communication for the purpose of testing their implementations under
different network conditions and traffic conditions. It is notable that implementing this platform on Kali Linux is
highly secure which requires VPN setup to ensure a secure exchange of sensitive messages (traffic update and
collision warning) between two cars. Interestingly, Kali Linux proved effective in the observation of the
functioning and performance evaluation DSRC. Notably, DSRC technology is crucial to the support of V2V
safety applications and V21 communication and enables the interaction between vehicles and infrastructure. V2I
served the role of a gateway for generalized intelligent transportation system, crucial in road safety and traffic
flow coordination. Performance evaluation of relaying scenarios demonstrates the performance of the V2V
protocol and computation of PDR was reliable and such performance experimentation gives hopes for the
technology improvement for future developments and installations. Therefore, it provides hope for a safer
transportation industry. Consequently, V2V communication via Kali Linux has the potential to revolutionize the
transport industry as it is safer and more efficient. In addition, millions of lives have been claimed while others
are left forever disabled. If the transportation industry, both water, and road will embrace this technology, more
lives will be saved and less accidents will be reported.

FUTURE ScopPe

As we look to the future, several key directions are set to shape the evolution of VANETS. The rollout of 5G and
the advancement of Vehicle-to-Everything (V2X) communication will unlock new applications, including support
for autonomous vehicles and augmented reality in-vehicle displays. The integration of VANETS into smart city
initiatives will enhance traffic management and reduce congestion. Edge and fog computing will enable real-time
data processing, while data analytics and machine learning will drive data-driven decision-making.
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