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Inter-vehicle communication has emerged as a promising technology in the
modern car market, with the potential to enhance traffic coordination and reduce car
accidents. When employed on a large scale, vehicles can receive real-time
notifications about potential hazards or obstructions on the road, regardless of their
proximity to the obstacle. As a result, the frequency of accidents and casualties can
be significantly reduced. This technology relies on inter-vehicle communications
networks known as VANETs, which have raised concerns regarding network
security. Nevertheless, ongoing research is being conducted to fortify these networks
against road hijacking and other forms of exploitation. When successfully
implemented, the VANET network operates as a domino effect-like relay system,
which could greatly improve the efficiency of vehicular travel on the road.

Automotive vehicles are among the emerging technologies that are relevant to
the inter-vehicle communication discussion. The potential benefits of this technology
are numerous, with improved road safety being one of the primary ones. However,
for this technology to become a reality, communication between vehicles is
necessary. Fortunately, this is already in development. According to the U.S.
Department of Transportation, "connected vehicle (CV) technologies are equipment,
applications, or systems that use V2X communications to address safety, system
efficiency, or mobility on our roadways."

One aspect of V2X technology is vehicle-to-vehicle communication (V2V),
where two vehicles communicate with each other. This technology, which offers 360-
degree coverage, also includes vehicle-to-infrastructure (V2I) communication. It has the
potential to save lives and a significant amount of money. According to NHTSA,
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615,000 motor vehicle crashes could have been prevented had this technology been 
widely available. Through V2X technology, omnidirectional messages can be broadcast 
from one vehicle to another up to 10 times per second. The communication range of 
V2X is over 300 meters, which, combined with its ability to detect potential dangers 
blocked by weather, traffic, or terrain, makes it a useful communication tool for drivers. 

In addition, the amount of use of this technology can be adjusted based on 
population and density. For example, it will be used more often in very populated, 
dense rule areas. However, in rural areas that are less dense, the technology will 
instead single in on specific wrecks. In addition, the V2X technology inside a car has 
the ability to “determine the other vehicle’s heading, speed, movement-related 
information, or operational status” (U.S.). This is far more advanced than line-of-
sight sensors that are more commonly found in vehicles, as they can have a hard time 
even detecting the presence of another vehicle. 

The United States of America, and the world in general, is diverse when it 
comes to the land itself: the terrain, population, height of manmade structures, and 
especially weather. Because of this, V2X technology has systems in place for 
potential situations that could occur unexpectedly. Power levels and data rates can be 
adjusted to message vehicles more often that could potentially get in a crash. The 
algorithms of this technology can be adjusted based on the type of vehicle, with it 
featuring many different message sizes. Because of this, V2X technology being 
widely available for cars across the country has the potential to save countless lives, 
as someone knowing to expect a stoppage, such as a wreck, up ahead is more likely 
to drive more cautiously, so as to not accidentally run into said stoppage himself. 

In the United States, there are approximately 5,250,837 traffic accidents, with 
35,760 being fatalities as of 2020. The average driver has a reaction time of 0.75 
seconds to 1,5 seconds. This means that at a speed of 31.29 meters/second (70 mph), 
the driver will travel between 22.86 meters (75 ft) and 45.72 meters (150 ft) before any 
reaction occurs. Studies have shown that with at least 0.5 seconds of warning, nearly 
60% of roadway collisions could be avoided. 

Cooperative Collision Avoidance (CCA) is a system that allows vehicles to 
communicate with one another by sending wireless collision warning messages (W- 
CWM) when a collision is detected in car A, allowing the other vehicles near the 
accident to avoid it. With the CCA, a W-CWM is immediately sent with vehicle-to- 
vehicle communication (V2V), potentially enabling the reaction times of the 
following drivers to decrease and avoiding chain collisions. Some of the drawbacks 
of V2V are the potential of unreliability caused by channel fading, packet collisions, 
and communication obstacles that can prevent W-CWM from being delivered in time. 

VANETs are wireless networks that are designed for vehicles, using the same 
principles as mobile ad hoc networks (MANETs). They were initially introduced in 
2001 as "car-to-car ad-hoc mobile communication and networking," allowing cars to 
form networks and relay information to one another. The primary goal of VANETs is to 
provide road safety, navigation, and other services to motorists. These networks are an 
integral part of the Intelligent Transportation Systems (ITS) framework and are 
sometimes referred to as Intelligent Transportation Networks. They have evolved over 
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time into a broader "Internet of vehicles," and many experts predict that they will 
eventually become part of an "Internet of autonomous vehicles." 

Despite initially being considered as an extension of MANET principles, 
VANETs have evolved to become a major research area in their own right. As of 
2015, the term VANET is now largely used interchangeably with inter-vehicle 
communication (IVC), emphasizing the importance of vehicles being able to network 
with one another spontaneously, without the need for infrastructure such as road side 
units (RSUs) or cellular networks. Nevertheless, VANETs remain distinct in their 
capacity to facilitate direct communication between vehicles, thereby creating a reliable 
and robust network that has the potential to enhance both road safety and efficiency. 

Several research efforts have been undertaken in recent years by researchers at 
Oral Roberts University to improve reliability and latency of VANET systems. One 
such paper discusses the performance of IEEE 802.11 bd wireless communication 
systems in Vehicular Ad Hoc Networks (VANETs). While previous systems had 
reliability issues, the newer IEEE 802.11 bd system offers improvements in the 
physical layer. The performance gains and packet loss rates of the system are 
evaluated further, as well as its ability to meet Quality of Service (QoS) requirements 
for safety applications in VANETs. Based on their analysis, the paper presents 
conclusions on the suitability of IEEE 802.11 bd for critical safety services in 
VANETs and suggests areas for future development. 

 
Figure 1. Optimization and convergency curve. Bandwidth = 20MHz, β = 

0.2 nodes/m 
Another paper discusses a real-time optimization scheme for Vehicular Ad Hoc 

Networks (VANETs) to improve balance between Quality of Service (QoS) and 
channel spectrum efficiency. The scheme uses a deep learning neural network 
(DLNN) working with a stochastic model, which predicts the QoS of VANET given a 
set of communication parameters. The DLNN and stochastic model complement each 
other to find an optimal solution of the parameters that maximizes channel efficiency 
while meeting QoS requirements. Inter-vehicle communication is a wonderful 
technology that has the potential to revolutionize everyday road experience for 
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drivers. Many automotive companies are looking to begin implementation of this 
technology on a large scale. However, for this to happen, considerable amounts of 
research and targeted planning must be done in order to eliminate risks and ensure a 
stable and secure network that properly services its users. 

One area that needs significant work is in the security protocols and resources of 
the network. If left without improvement, these networks could likely become subject 
to exploitation, leading to actions that could result in data theft and even death. What 
was presented over these few pages has just been a small taste of the various studies 
and research that has been pumped into this technology. It is important to be aware of 
the fact that proper implementation of this technology can drastically lower accidents 
and damage to private property. As time advances, more insight will be made into 
this realm of tech that can greatly improve the state of travel on the roads. 
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