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Abstract:

Intelligent transportation systems are a cutting-edge research topic that continues to capture the interest of industry,
academia, and governments. Car accidents remain one of the most serious traffic hazards, regardless of the challenges
given by the vehicular revolution and the increase in the ownership of vehicles. Human error and delayed braking are
the primary causes of accidents. This paper provides state-of-the-art architecture, applications, emerging radio ac-
cess technologies, standardization, and resource requirements to reduce traffic congestion. The suggested model ap-
plies the brakes and generates an alert to slow down the car if there is an impending collision. Using a particular
communication protocol, this paper highlights the communication between vehicles and road infrastructure. The pro-
posed model made vehicular communication possible and has been extremely beneficial to the automotive industry.
Road safety and traffic congestion will be enhanced by the model presented in this paper. By delivering signals and
messages that indicate the impending outcomes, an integrated wireless network system allows real-time communica-
tion between vehicles and infrastructure in addition to facilitating vehicle-to-vehicle communication.

Keywords: Autonomous vehicles, intelligent transportation system, vehicular communication, Vehicle to vehicle com-
munication, vehicle-to-infrastructure communication

I. INTRODUCTION

Driver warning systems alert the driver of impending collisions or other dangerous situations. These systems provide
an auditory or visual warning to the driver and use a variety of sensors, such as cameras and radar, to identify potential
hazards. Some systems may also provide additional assistance, such as steering or brake support, to help the driver
get out of danger. Automatic brake systems, often known as automated emergency braking (AEB) systems, are de-
signed to apply the brakes in an emergency automatically. These systems use sensors to identify potential crashes and
apply the brakes if the driver does not take action to avoid the hazard. These systems also use sensors to detect potential
collisions and uncomfortable situations if the driver does not take action to avoid the hazard. Automatic brake systems
can be activated in a variety of situations, such as when the vehicle is approaching a stationary object too quickly or
when another vehicle is detected in the driver's blind spot. These systems are intended to increase vehicle safety and
reduce traffic accidents. While several automakers now offer them as standard or optional equipment on their models,
these systems are becoming more prevalent in new cars. The objectives of automatic brake systems and driver warning
systems are to increase vehicle safety and lower the number of traffic accidents. Recent models of cars are starting to
be equipped with these systems more frequently; numerous car companies provide them as optional or standard fea-
tures. As traffic congestion increases, there is an increasing emphasis on vehicle communication to address connected
problems. This will enhance road safety, decrease accidents, and improve traffic efficiency. Vehicle communication
systems, in general, are computer networks that specify every aspect of vehicle communication, including how cars
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interact with one another and the protocols they use to prevent various types of traffic and safety issues. In this context,
vehicular communication relies significantly on the OSI architecture's physical and network layers. The physical layer
provides the expansion and connectivity required for effective vehicle communication to infrastructure. To achieve
this, a vehicle channel is used, and its features, models, and other characteristics distinguish it from other wireless
systems. The authors introduced different approaches to evaluating the time-varying channel to control high-versatility
channels to complete communication across the vehicular infrastructure and OBUSs. Therefore, the authors presented
the usage of physical layer assistants in the detection of issues and improve the functionality of the vehicle communi-
cation system [1]. The network layer is also significant for vehicular communication because it enables active and
dependable connections between cars by facilitating information transfer from vehicle to vehicle (V2V) and vehicle
to infrastructure (V2I). It can be challenging to provide a reliable and secure vehicle platform to meet multiple objec-
tives, like increased reliability and reduced latency, as vehicle communication supports a wide range of applications
in the smart transportation and safety environment. Therefore, a new driving style known as autonomous driving has
been developed within the vehicles that can utilize sensor technologies, wireless connections, processing capacity,
and intelligent control to tackle the communication problem from the perspective of the network layer [2].

A. Vanets In Vehicular Communication

Vehicular ad hoc networks are used to handle Communication between moving vehicles. The phrase for direct com-
munication between two cars is "vehicle-to-vehicle" (V2V) communication. Vehicle-to-infrastructure (V2I) commu-
nication refers to direct communication between a vehicle and an infrastructure. Onboard units and roadside units are
the different types of components used in vanets. While RSUs are based on the infrastructure in which radio equipment
is installed, these onboard units (OBU) are deployed in cars as well. Through dedicated short-range communication
(DSRC), the two vehicles and vehicles to infrastructure can communicate with one another [3]. The authors discussed
the perspective of VANETS in light of connection issues with the vehicles paradigm. The authors provided a model
for ITS implementation by using a dual-band or full duplex. As the number of vehicles on the road grows, the world
will face challenges in these circumstances, such as vehicle ad-hoc networks (VANETS), intelligent transportation
systems, and cars traveling at very high speeds [4]. RSUs and vehicles are communicated through the 5™ generation.
The authors of the paper [22] presented a review of all 5G technologies for wireless communication with broad appli-
cations in smart industries, smart cities, and health.

B. Intelligent Transportation Systems

Intelligent transportation systems (ITS) have a significant impact on daily life. Since they have relied on several ap-
plications for reliable and efficient traffic safety. For the deployment of IT in vehicular communication, the authors
illustrate a dual-band for full-duplex since vehicular communication enables direct information sharing between cars
through V2V and V2I. The onboard transceiver of a vehicle communicates, works with infrastructure, and transmits
data to a roadside unit (RSU) for real-time communication[5]. These applications also incorporate emergency alerts,
traffic updates, and road uncertainty. They also present alerts for collisions at intersections, head-on collisions, and
rear-end collisions, which is another way to disseminate information. Driving will be less dangerous with these tech-
niques. The authors also worked on the V21 front and a co-design strategy that isolates the high frequency between
the receiving and transmitting channels (RX and TX channels), as well as improvements to dual-band duplex antennas
with frequency selection and chancel isolation [5]. ITS has different modes of transfer, which are explicitly transfer
methods through ITS specifically designed for vehicular communications. These protocols included Bluetooth, IEEE
Zig Bee, LTE-V2V, and IEEE 802.11p. Each of these protocols was created to speed up connections and improve
street security and road safety as well. These are also discussed in Tables 1-2 and Table 4 specifically for protocols.
Different frameworks, including anti-collision sensors, driver notification systems, and autonomous driving, have
been installed in cars for vehicular communication [6]. Two technologies were presented by the authors, mainly by
the intelligent transportation system using communication technology, smaller-scale circuits, and sensors. There are
vehicular ad hoc networks (VANETS) in which there is no packet delay, and another is feedback-based eco steering
(FB-ECO), which is intended to reduce fuel consumption by directing the driver along the most environmentally
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friendly routes but has the drawback of a longer packet delay and a higher packet drop rate, which results in the loss
of all the updating packets [7].

C. 3rd Generation Partnership Project

3GPP is a combination of a group of standards of telecommunication to create third-generation (3G) mobile networks.
It works on WIFI, radio access, security, and quality of service. A vehicle is a strong moving node that communicates
and exchanges information by using different services like V2V, V21, V2P, and V2N V2X. It also reviews the current
changes and upgrades of 3GPP correspondence frameworks for vehicular communication and different interfaces that
are designed to help VV2X administrations. The authors discuss the upgradation for long-term evolution (LTE) to ad-
dress the portion of the execution of V2V administrations they portrayed for both side link transport and cell transport
[8]. Third Generation Partnership Project (3GPP) also presented an open-source simulation model that compasses on
the application layer. Several models worked step by step. During the past two years, the fully open-source C-V2X,
mode 4 execution, has made a good impact on the vehicle contact network [9].

D. 5th Generation

In the age of digital communication, vehicle communication is essential since it promises to give us safe and secure
latency and intelligent connectivity. Important 5G components, its architecture, and features that are helpful for ve-
hicular communication are highlighted in [10]. Wireless technologies like LTE, higher-speed packet connectivity, the
Worldwide Smart-Phones Communications Network, Wi-Fi, and others are used to build a communication platform
that can provide services to technologies that use proximity on knowledge, network splitting techniques, software
interpreting networks (SDNs), mobile computing edges (MCE), and radio frequency communication [10].

E. Vehicle Communication Network & Vehicle Platooning

A vehicle communication network consists of devices that connect the vehicles and other transceivers with different
wireless communication modules to access the information. The authors presented the concept of automated driving,
in which vehicles could be able to drive without human involvement. It should be capable of sensing road situations
with the help of cameras, car sensors, and transceivers to make decisions based on the road situations. VCNs com-
municate with devices that enable interaction and cooperation on the road. But there are some restrictions in this
driving, like sensing range, datasets for training, processing capabilities, and so on. To solve these issues, a case study
is performed on automated intersections, which proves that communication-based control systems can improve
transport efficiency and intersection passing delay [11]. Vehicle platooning is a group of vehicles that can move to-
gether safely in a series at high speed; it requires some mechanical coupling like Bluetooth, GPS, and drive-by-wire
steering to take control of the cars. Vehicle platooning depends on the vehicle-to-vehicle interaction, as well as the
stability and coordination of the device. To do this, 5G-V2X and 802.11p concept hardware is used for connectivity,
and packets between vehicles are shared via user datagram, protocol (UDP), and on-board vehicle sensors (camera,
radar, etc.), and V2V contact is generated to ensure traffic movement and less fuel consumption. [12].The authors
discussed multiple techniques that are incorporated with these types of technologies [22].

F. Security Challenges in Vehicular Communication

As the growing use of electronic technology has changed the perception of transport in the last few years, modern cars
have become complex and sophisticated systems as those provide a large range of services to communicate the inter-
connected different EU and groups to form intra and intervehicle networks. These EUs are interconnected with each
other using different communication buses. The cars can directly link to (the internet, android phones etc.) and can
interact through gateways with the electrical charging system, monitoring, keyless access etc. [13]. Enabling V2V
communication in distant networks is the most difficult challenge in V2V communication. A multidimensional mov-
ing-target defence (MTD)—inspired design that is safe against attackers has been created to address these. Numerous
V2V applications are unconfined while keeping a safe distance from any kind of traffic obstructions. However, certain
V2V applications are ineffective in providing reliable vehicle-to-vehicle communication since attackers may readily
decode the data and there is no dependability or security [14]. The vehicular network requires high accuracy for V2V
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contact for message protection in-vehicle communications. To analyze the process quantitatively, the approach com-
bined for all of these types of communication has been examined in many articles. To meet these requirements, how-
ever, many systems need security, high dependability, and low latency. Two models, particularly 3GPP, present the
concept of V2X communication by utilizing the IEEE 802.11p and C-V2X protocols, which have been studied in [15].
When rigorous reliability was required, 802.11p had issues. However, C-V2X was very successful in providing all
features, including dependability, reliability, and fast data rate communication [15]. The Internet of Vehicles (IoV)
aids in the understanding of smart transportation systems by allowing vehicles equipped with processing nodes, sen-
sors, and software to communicate with one another. Various networks utilized in the maintenance of smart public
transportation systems are indispensable in terms of ensuring reliable operation [24]. A traffic stream model is also
used to determine the vehicle’s location, mapping, and speed of cars. It worked on approach-based cars that are trav-
eling on a two-lane highway. A mathematical closed-form equation was also presented using the proposed model for
the proposed scheme of actual or fake data alternation of channel efficiency and probability [14].

Il. LITERATURE REVIEW

According to the World Health Organization (WHO), vehicle accidents kill 1.3 million people each year. The biggest
risk factors in road accidents include speeding, driving under the influence of alcohol, distracted driving, hazardous
vehicles, and unsafe infrastructure. Better driver assistance and the shift to autonomous driving can both benefit sig-
nificantly from recognizing driver intentions and informing the driver to predict the expected driving actions, ena-
bling timing improvements, the ability to start or stop an interaction, and seamless aided driving. Numerous articles
emphasize various V2V communication techniques and incident traffic management systems that work on preventive
approaches for vehicles, ambulances, etc. To overcome traffic congestion, they have built a highway intersection
model that monitors vehicle mobility and illustrates vehicle communication (V2V, V2I). Furthermore, using VANETS
presents a number of challenges due to its highly distinctive architecture and required adaptability, making MANET
protocols inappropriate for VANET [3]. The most efficient method for IT'S, MANET, is a subtype of the vehicular
ad-hoc network since it enables wireless communication between passing vehicles in accordance with IEEE standard
802.11p. The vanet is used to regulate traffic and arrange routes from point A to point B as it changes the vehicle data
from the source to the destination [4]. The Intelligent Transportation Systems (ITS) provides an increase in the health,
performance, comfort, and help of the transport management system [5, 6]. The authors worked with the coordination
of IEEE 802.11p protocols related to the VANET and Ethernet cellular networks using vehicle gateways to carry out
various vehicle correspondence. IEEE 802.11p is used for V2V connectivity and LTE-based protocols for V21 inter-
actions [6].

All of the information about the communication technologies that are used for vehicular communication, including
their scope and the numerous properties and parameters they possess, has been presented in Table 1.

Table 1: Wireless Technologies and its range used in vehicular communication

References | Technology Range Attribute
[10] Mm Wave 10m Higher speeds, Lower latency
[12] Bluetooth 10-30m Low power, good communication
[2] WIFI 76-122m High data transfer rate
[3] DSRC 1000m High reliability
[9] GPRS 56-114 Kbit/sec Moderate data transfer speed
[8] LTE 100Mb/s Large coverage and instant data transfer speed

Table 2 describes each of the IEEE standards that are utilized in vehicular communication as well as the characteristics
that they possess. The parameters that have been presented in research articles from various years are listed. Table 3
presents the different applications that are being used in different research articles in the literature.
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Table 2: IEEE Standards Implementation Features

IEEE
Reference Features
Standard
[6] 802.15.4 Used to reduce connection times
It introduced vehicular communication in V2V and V21 and for Wireless Access in
[7] 802.11p : .
'Vehicular Environments.
[11] 802.11p Used for.resglvmg issues like low latency and reliable transmission in vehicular
communication
Used for communication and the packets between vehicles are exchanged through
[12] 802.11p .
UDP also on-board vehicle sensors.

Table 3. Intelligent Transportation Systems Applications and Technologies

References Years ITS LTE 3GP VANET

[1] 2017 v v v

(3] 2017 v X X v
[5] 2018 v v v X
[6] 2019 X X X v
[7 2019 X v v X
[9] 2019 X X v v
[10] 2018 X v v v
[11] 2018 v X v X

I11. METHODOLOGY

Driver alert systems are designed to help drivers remain alert and focused while driving. These systems typically use
sensors and other technologies to monitor the driver's behavior and alert them if they show signs of drowsy or dis-
tracted driving. The purpose of this study is to evaluate how a collision warning system affects the drivers' abilities to
avoid collisions and the feasibility of the system. Based on the findings from driver test data in traffic, a driver model
is proposed in this research to simulate braking activities. A general model has been developed with a set of parameters
to capture unique driving traits. In the presented model, the purpose of a vehicle-based device's communication is to
alert the driver. Initially, the car's three sensors locate and follow objects in its surroundings. The sensor tracks the
distance, computes the speeds and collision time, initiates the forward collision alert, and establishes the stopping
distance when a car gets close to the leading vehicle, as shown in Figure 1. According to the driver's assessment, such
devices are still incapable of taking any preventive action. The vehicles will be able to shift their route and choose
alternate routes that would avoid a busy town using this information. The discussion of how to successfully integrate
V2V (vehicle-to-vehicle)-based road safety control systems with collective traffic control approaches will then be a
central concern. The model for automatic emergency braking is presented in Figure 2. Accessibility Analysis of the
Vehicle-to-Vehicle Interaction System's Crash Prevention Process is an active safety feature that uses in-car environ-
mental awareness sensors, such as radar and cameras, to assess the level of risk between the vehicle and the vehicles
ahead of it. It helps prevent accidents by automatically putting the brakes on in critical circumstances. Different tech-
nologies are also connected to vehicular communications, like sensors and cameras. Loop and magnetic detectors,
GPS tracking, and cellular connections with cell towers with mobile phone probes. The V2X, which defines a gener-
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alization, completes the previously stated V2V and V2l communication models. The last category includes data trans-
mission from a vehicle to any entity that can impact it. Communication is possible using wireless components con-
tained in mobile phones' cellular connections, such as Wi-Fi, Bluetooth, and Near Field Communication (NFC).

Table 4: ITS Technologies and the Information Regarding their Protocols

References |Safety Application |Communication Type Traffic Information Transmit Mode
Traffic signal vio- Vehicle-to- infra- Traffic signal status and warn- .
[17] : . . Occasional
lation warning structure ing
[20] Signal of Left Vehicle-to- infra- Trggr!n(i:nsIgCZL?;Ia;usoZ?t?o%au- Occasional
turn movement structure 9 P '
speed, head
Signal of stop Vehicle-to- infra- The direction of the vehicle its .
: Occasional
[20] sign movement structure head and speed rate
Intersection colli- Vehicles, head, speed rate, sig- .
. . . Event-driven
[16] Sion warning Vehicle-to-vehicle nal change position
Electronic indica- The direction of the vehicle its
tor for Brake Vehicle-to-vehicle head, speed rate and declara- Event-driven
[18] lights tion
[19] Pre-cash sensing Vehicle-to-vehicle Safety sensors, seatbelts Event-driven
Work zone warn-  Vehicle-to-infrastruc- Reduce speed limit, distance to .
[16] . Occasional
ing ture work
[21] CoII|S|o_n risk Vehicle-to-vehicle Information from sensors at- Event-driven
alerting tached to vehicles
[17] In-vehicle sign VEhIC|e-t§J —;:frastruc- Indicate signs of traffic signal Occasional
[20] Blind merge alert Vehicle-to- infra- Vehicle dlrectlo_n, speed rate, Occasional
structure warning
Highway merge The direction of the vehicle,
[18] Vehicle-to-vehicle its head, speed rate, merge Occasional
collaborator path
[19] Lane change alert Vehicle-to-vehicle It screens TIZ p;)lgéé)f the vehi- Occasional

IV. RESULTS AND DISCUSSION

Considering the braking system's properties, this research proposes a brake system for an automated driver warning
alert system. Because the front and rear wheels of the recommended brake system are equipped with brakes, neither a
pedal simulator nor a fail-safe device is required. This study aims to evaluate the effectiveness of the brake system
and its implementation. Several components, including those used to demonstrate the concept of automatic brake
systems, have an ultrasonic sensor implanted to detect surrounding vehicles and objects. The sensors used for V2V
communication precisely evaluate the passenger status of both the vehicle and the surrounding vehicles by collecting
data from the suspension to measure the roughness of the road. The weather, passenger circumstances, road rough-
ness, and driving information are all considered while determining the ideal brake pressure strength and steering angle.
This paper introduces a decision-making-based model and a reliable sensor fusion architecture for an autonomous
emergency braking system. In the future, advanced fault-tolerant approaches to sensor fusion may be employed to
achieve more robust and dependable detection from sensors. To improve the system's accuracy and efficiency, pro
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cessing delays induced by the environment may be taken into consideration. To analyze the situation of the moving
target vehicle, the road and vehicles were changed to correlate with the stationary target vehicle condition. The target
car moves slowly in front of the investigated vehicle. The two vehicles travel the same route on the road. The targeted
car travels down the centre of the line. When the horizontal space between two cars exceeds the average of their
widths, even if the distance between them is already pretty close, there is no risk of a collision since two cars that are
driven somewhat differently often do not move in a straight line. According to the Markov algorithm. When the system
delay time and the driver reaction time have passed, the following vehicle will begin to brake at its maximum decel-
eration, The following car will then begin to brake at maximum deceleration. Two cars are separated by d, with the
first indicated as A and the second as B. The vehicle's speed is V, and braking is h. The Markov chain model is used
in the below equation 1 to compute the collision avoidance between the two cars that are based on the distance between
the two cars
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T=Tp (1)

According to Markov chain property, it is represented and as mentioned in [24]. An automatic braking system is
applied to vehicles based on the distance between the front vehicle and the targeted vehicle. As shown in equation 2,
here,

V= vehicle speed

D= Distance between two vehicles

G = Friction of road and the tires

\'%
D=—""i(mp) (2

Considering the Markov chain property, we utilize the distance-based braking equation in the Markov property equa-
tion as shown above.

V. CONCLUSION

Within the scope of this paper, we provided an overview of vehicular communication from a data perspective. The
very effective and reliable vehicle communication technologies will provide safety and security to the roadside
units while also reducing traffic congestion on the road. To develop this type of communication system, numerous
vehicular routes and wireless connections are incorporated into the vehicular architecture. Furthermore, various issues
related to security and reliability, specification, and architecture are discussed. To provide the most dependable com-
munication between vehicles, there must be no packet delivery delays or dependability difficulties in V2I and V2V
communication. In addition, this piece discusses several protocols that have been specifically built to meet different
kinds of traffic congestion and road congestion issues given by ITS. In this paper, we examined the different technol-
ogies designed to identify vehicle locations, maps, and speeds to enable reliable communication between vehicles.
Our main objective is to reduce the number of collisions that occur while also decreasing the overcrowding that follows
from them. The proposed model improves the existing systems by shifting the focus away from the driver to-
ward warning and onto vehicle communication. This allows the car to take control of the situation and regulate its sta-
tus, which is a step up from the old approach of contacting drivers. In the long term, we will be able to include this
model in a simulation environment to further optimize the findings.
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