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Abstract 

Vehicle-to-vehicle (V2V) communication holds immense potential for improving road 

safety and traffic efficiency by enabling information exchange between vehicles. 

However, reliable data transmission in dynamic traffic environments poses significant 

challenges. This study explores speed-based relay selection as a novel approach to enhance 

V2V performance. In contrast to traditional methods focusing on signal strength or 

distance, this approach prioritizes faster vehicles as relays, aiming to reduce latency and 

improve reliability. While promising, speed-based selection faces challenges like accurate 

speed estimation, temporal variability, and scalability. Future research directions include 

advanced speed estimation techniques, adaptive selection strategies, robust security and 

privacy mechanisms, scalable algorithms, and energy-efficient protocols. By addressing 

these challenges and actively pursuing further research, speed-based relay selection can 

revolutionize V2V communication, paving the way for a safer and more efficient future of 

transportation. 
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Introduction to the Study. 

Vehicle-to-vehicle (V2V) communication refers to the wireless transmission of 

information between vehicles on a road network. It is an important technology that aims 

to improve road safety and traffic flow by allowing vehicles to communicate with each 

other in real-time. V2V communication enables vehicles to exchange information such as 

speed, position, and acceleration data, which can be used to avoid accidents, reduce traffic 

congestion, and enhance traffic efficiency (Gould and Brown, 2023) . However, V2V 

communication faces several challenges, such as poor range and line of sight limitat ions, 

high mobil ity of vehicles, and interference from surrounding vehicles and other wire less 

devices. One of the most significant issues in V2V communication is the selection of a 

suitable relay node to forward the information to the destination node (Nguyen et al., 2023; 

Roger et al., 2022). This selection process can determine the quality and reliability of the 

communication channel and the performance of the entire V2V network. 

4 6 [ P a g e  



FOL.ONO)M-2024 
FEDERAL UNIVERSITY, LOKOJA, KOGI STATE, NIGERIA-CONFERENCE 2024 

The Proceeding of 29th Multidisciplinary Academic Conference, Hummingbird Publications and 
Research International on African Creativity towards Sustainable Development Goals: Multidisciplinary 

Approach. Vol. 29 No. 1, 291h-31st January, 2024 at Federal University, Lokoja, Kogi State, Nigeria. 

To address this challenge, various relay selection algorithms have been proposed in the 
literature. These algorithms use factors such as distance, signal-to-noise ratio, and link 
quality to select the best relay node. However, these algorithms have limitations, as they 
do not consider the moving speed of vehicles, which has a significant impact on the quality 
of the communication channel (Alnasser et al., 2022). To overcome this limitation, this 
study proposes a speed-based relay selection system for V2V communication networks. 
The system uses the vehicles' moving speed as the primary factor to select the best relay 
node. It is expected that the proposed system will improve the quality and reliability of the 
communication channel and enhance the performance of the V2V network. 

Statement of the Research Problem 

Despite the potential benefits of V2V communication, the effectiveness of the technology 
is limited by factors such as signal propagation, interference, and network architecture 
(Plascencia et al., 2023). Conventional relay selection methods only consider factors such 
as signal strength, which may not always lead to the best result (Shukla, 2023) . Speed­ 
based relay selection, on the other hand, takes into account the speed of the relay nodes, 
which can improve the performance of V2V communication in terms of latency, reliability, 
and cost (Zhou et al., 2018) .  However, there is a lack of theoretical frameworks and 
simulation studies on speed-based relay selection systems for V2V communication 
networks. Therefore, the research problem is to develop a theoretical framework for a 
speed-based relay selection system and evaluate its performance using simulations. 

Justification of the Study 

V2V communication has the potential to improve traffic efficiency, reduce accidents, and 
increase road safety. However, the effectiveness of V2V communication is limited by 
factors such as signal propagation, interference, and network architecture (Singh et al., 

2022) .  One of the major challenges faced in V2V communication is relay selection, which 
involves selecting the best relay node to transmit the information from the source to the 
destination (Alotaibi and Mouftah, 20 17) .  
Conventional relay selection methods only consider factors such as signal strength, which 
may not always lead to the best result. Speed-based relay selection, on the other hand, 
takes into account the speed of the relay nodes, which can improve the performance of 
V2V communication in terms of latency, reliability, and cost. The proposed system will 

provide a better understanding of the performance of speed-based relay selection and its 

impact on V2V communication networks. 

Overview of Vehicle-to-Vehicle Communication Systems. 

Vehicle-to-vehicle (V2V) communication is a type of wireless network in which vehicles 

can communicate directly with each other to exchange information. V2V communication 
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has the potential to improve traffic efficiency, reduce accidents, and increase road safety 

by exchanging real-time information between vehicles on the road. 

Figure 1 :  V2V communications 

V2V communication systems typically use a combination of technologies such as 

Bluetooth, Wi-Fi, or cellular networks to create an ad-hoc network among vehicles on the 

road. Information exchanged between vehicles can include the vehicle's speed, position, 

acceleration, heading, and intent, which can be used to warn other vehicles of potential 

hazards, improve traffic efficiency, and prevent accidents (Zadobrischi and Damian, 

2021) .  V2V communication systems face several challenges, such as ensuring the security 

of communication channels, managing the large volume of data exchanged between 

vehicles, and dealing with varying road conditions and traffic conditions. 

Relay Selection 

Relay selection is an important technique used in V2V communication networks to 

improve network performance by selecting the best relay vehicles for forwarding data 
packets. Relay vehicles are selected based on various factors such as signal strength, 

proximity, and available bandwidth. There are several relay selection techniques that can 

be classified into two categories: channel-based and signal-based relay selection (Kadhim 
and Jabbar, 202 1 ;  Raziah et al. , 2021) 

Channel-based relay selection 

This technique selects the relay nodes based on the channel conditions such as the signal­ 
to-noise ratio (SNR) and signal-to-interference ratio (SIR). The selection criteria can be 

based on minimizing the packet loss and delay or maximizing the capacity and throughput 
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of the network (Afzal et al., 20 18 ) .  Channel-based relay selection techniques can be further 
classified into three categories: distance-based relay selection, beamforming-based relay 
selection, and channel state information (CSI) based relay selection. Distance-based relay 
selection selects the relay node closest to the source and destination nodes (El-Zahr and 
Abou-Rjeily, 2022). Beamforming-based relay selection uses directional beams to 
improve the channel conditions between the relay and destination nodes. CSI-based relay 
selection selects the relay nodes based on their real-time channel state information. 

Signal-based relay selection 

This technique selects the relay nodes based on the quality of the received signal at the 
relays. Signal-based relay selection can be classified into two categories: coding gain­ 
based relay selection and information gain-based relay selection (Alabed et al., 2021 ). 
Coding gain-based relay selection selects the relay node, with the highest coding gain, 
which is the signal-to-noise ratio (SNR) at the destination divided by the SNR at the relay 
node. Information gain-based relay selection selects the relay node with the highest 
amount of information at the destination. 
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Fig I :  Network model for selecting relay node for path estimation 

Review of Related Studies 

A range of relay selection algorithms have been proposed to address V2V challenges, but 
they often overlook the impact of vehicle speed on communication quality. Alnasser et al. 

(2022) introduces a QoS-balancing algorithm that considers channel capacity, link 
stability, and end-to-end delay, significantly improving PDR and delivery ratio. The study 
proposed an Analytic Hierarchy Process (AHP)-based algorithm for optimal relay 
selection in Vehicle-to-Everything (V2X) communications, specifically in the context of 
Device-to-Device (D2D) relay nodes. Eshteiwi et al. (201 9) presented a V2V full duplex 
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amplify-and-forward (AF) cooperative wireless network model with two vehicular relay 

selection schemes. The analysis considers Nakagami-m fading channels in both line-of­ 

sight (LOS) and non-line-of-sight (NLOS) scenarios, incorporating independent vehicle 

displacement between lanes. The system performance was comprehensively studied across 

fading severity, threshold, self-interference, number of lanes, vehicle intensity in each 

lane, and inter-vehicle spacing. The paper positions itself as a benchmark for evaluating 

the evolving V2V full duplex relaying in cooperative wireless networks, offering insights 

into performance metrics under diverse scenarios. 

Cui et al. (2022) proposed a relaying-based information routing solutions with a K-means­ 

type algorithm and an on-request relay selection method in a vehicular ad hoc network 

(VANET). The authors introduced base station and/or core network-aided relay selection 

with vehicle maneuver considering power consumption for addressing NLOS signal 

attenuation. Simulation results demonstrate the performance gain on system throughput, 

latency, and packet received rate by comparing with the state-of-the-art and non-re laying 

scenarios in realistic V2V scenarios with NLOS signal dissemination. 

Lohat et al. (2023) considered the issue of efficiently transmitting service messages in the 

Internet of Vehicles (IoV) network" using a proposed fractional mayfly optimization 

algorithm (FMA) to select the relay vehicle and cooperative vehicle for transmitting 

service messages from the RSU through the process ofI2V and V2V scheduling. The study 

aims to improve the channel quality indicator (CQI), delay, distance, packet delivery ratio 

(PDR), and throughput in the IoV network. The proposed scheduling method is evaluated 

and compared to other methods by simulat ion , which shows significant performance 

improvement. 

Linsalata et al., (2023) proposed a proactive relaying strategy that uses environment 

information to predict dynamic line of sight maps, maximizing network connectivity. 

Roger et al. (2022) introduced a context-aware antenna selection procedure to enhance 

communication in 5G systems, while Nguyen et al, (2023) analyzed the impact of big 

vehicle shadowing on V2V communications and proposes relaying schemes to improve 

message dissemination performance. These studies collectively highlight the potential of 

these strategies in overcoming the challenges of V2V communication. 

Challenges in V2V Communication 

Communication networks, especially vehicle-to-vehicle (V2V) communication networks, 

are complex and dynamic systems where various challenges and limitations affect their 

performance (Nguyen et al., 2023).  Some of the most significant challenges and 

limitations in V2V communication networks include: 

Interference 

In V2V communication networks, the signals can be attenuated or distorted due to 

interference from other signals or sources. This can lead to the degradation of the signal­ 
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to-noise ratio, causing errors or data loss, which can affect the rel iabi l i ty of the 
communication. 
Interference in V2V communication networks can lead to several issues, such as data loss, 
delay, and reduced coverage area, which can have significant consequences for road safety 
and traffic management (Plascencia et al., 2023). Therefore, it is critical to develop 
effective interference mitigation techniques, such as frequency hopping, carrier sense 
multiple access/collision avoidance, and adaptive power control, to address the 
interference problem in V2V communication networks. 

Latency 

The latency in V2V communication networks can be affected by various factors, such as 
the communication protocol, the network infrastructure, a n d  the location of the vehicles. 
High latency can cause a delay in the delivery of the communication messages, which can 
be critical in emergency scenarios (Li et al., 2020). 
Jo reduce latency in V2V communication networks, various techniques can be used, such 
as channel allocation based on delay requirements, priority-based scheduling, and adaptive 
power control. It is also important to monitor and optimize the network infrastructure to 
ensure that it can support the required service level agreement (SLA). 

Security 

Security is a critical aspect in Vehicle-to-Vehicle (V2V) communication networks, as i t  
ensures the confidentiality , integrity, and accessibility of communicated data. Security 
threats in V2V communication networks can lead to several issues, such as data theft, 
spoofing attacks, and confidentiality breaches, which can have significant consequences 
for road safety and traffic management (Twardokus and Rahbari, 2023) .  

Power consumption 

Power consumption is an important aspect to consider in V2V communication networks, 
as it ensures the optimal performance of the communication devices used by the vehicles. 
Power consumption can be affected by various factors, including distance, signal quality, 
transmission frequency, data rate, and communication protocol (He et al., 2023). 

Frequency allocation 

In V2V communication networks, the frequency allocation is a significant challenge due 
to the limited spectrum available for communication. This can limit the number of vehicles 
that can communicate simultaneously and affect the reliability of the network (Mura et al., 

2022) . 

Speed-based relay selection in V2V (Vehicle-to-Vehicle) 

Speed-based relay selection in Vehicle-to-Vehicle (V2V) communication is a dynamic and 

adaptive approach aimed at enhancing the rel iabi l i ty and efficiency of data transmission 
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among vehicles on the road. In V2V communication, vehicles exchange critical 

information for purposes such as collision avoidance and traffic coordination, selecting an 
optimal relay vehicle based on its speed becomes crucial for maintaining a robust 

communication link. 

Figure 3 :  V2V communication scenario 

In a speed-based relay selection approach, the relays are selected based on the speed of the 

vehicles. In other words, faster vehicles are more likely to be chosen as relays, as they can 

more easily intercept the data packets and forward them to the destination. This approach 
is motivated by the fact that V2V communication is often used for emergency messages 

or time-sensitive data, and the faster the data can be transmitted, the more likely it will 
arrive in time. 

To implement a speed-based relay selection scheme, the speeds of the vehicles in the 
network are estimated using various techniques such as GPS or radio-based methods. The 
estimated speeds are then used as input to a utility function that evaluates the performance 
of each vehicle as a relay based .on its speed. The vehicle with the highest relay utility is 
selected as the best relay for the transmission. 
While speed-based relay selection can be an effective approach in some scenarios, i t  also 
has some limitations. For instance, speed can change rapidly, and the performance of the 
selected relay may vary considerably over time. In addition, the selected relay may not be 
able to receive the data due to physical obstructions or interference from other vehicles. 
As such, there is a need for more robust and adaptive relay selection strategies in V2V 

communication. 

Challenges of Speed-based Relay Selection 

The use of speed-based relay selection in V2V communication has several challenges that 

need to be addressed for its effective implementation. These challenges include: 
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Speed Estimation 

The speed-based relay selection approach requires the accurate estimation of the speeds of  
vehicles in the network. However, this is a challenging task due to noisy speed 
measurements obtained from GPS or radio-based methods (Ghaffarpasand et al., 2022). 
Furthermore, vehicles may not always have access to GPS or other speed estimation 
methods, which may result in inaccurate speed estimates. 

Temporal Variability 

The speeds of vehicles in the network can change rapidly due to traffic conditions, weather, 
and other variables. This temporal variability can impact the performance of speed-based 
relay selection, as the selected relay may not always be the best option for a particular 
transmission. 

Interference and Obstructions 

V2V communication relies on line of sight transmission, which can be easily blocked by 
physical obstructions such as buildings and other vehicles. These obstructions can affect 
the performance of speed-based relay selection, as the selection of a relay that has a better 
line of sight may be more reliable (Tan and Chung, 2021) 

Scalability 

V2V networks can be very large, with hundreds or thousands of vehicles, and sca l ing the 
speed-based relay selection approach can be a challenge due to the computational 
complexity and information exchange overhead required. 

Energy Efficiency 

V2V communication requires vehicles to keep their radios in active state to receive and 
transmit data, which can significantly impact the energy efficiency of the network. It is 
important to ensure that the deployment of speed-based relay selection does not further 
impact the energy efficiency of the network (Xu ei al., 2023). 

Conclusion: 

This research comprehensively explored the potential of speed-based relay selection as an 
innovative approach to enhance V2V communication performance. While conventional 
methods primarily focus on factors like signal strength and distance, incorporating vehicle 
speed adds a crucial dimension to optimize data transmission. By prioritizing faster 
moving vehicles as relays, this approach promises faster delivery of critical information, 
reduced latency, and improved network reliability. 

Recommendations 

Building upon this study, future research can delve deeper into spec ific areas to refine and 

optimize speed-based relay selection :  
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Advanced Speed Estimation 

Develop highly accurate and robust algorithms for speed estimation, minimizing reli, 

on potentially unreliable GPS signals and incorporating real-time traffic data. 

Adaptive Selection Strategies 

Design dynamic and adaptable selection algorithms that respond to changes in veh 

speed, network topology, and environmental conditions. Consider hybrid approaches 

combine speed with other relevant factors for even more efficient relay selection. 

Security and Privacy 

Address potential security and privacy concerns with meticulous data encryption 

robust authentication mechanisms in the relay selection process. 

Network Scalability 

Investigate efficient algorithms and protocols to ensure the scalability of speed-based r 

selection for large-scale V2V networks, minimizing computational complexity 

information exchange overhead. 

Energy Efficiency Optimization 

Design energy-efficient relay selection mechanisms that balance imprc 

communication performance with minimal impact on vehicle battery life. 

By actively exploring these avenues, researchers can further refine and unlock the 

potential of speed-based relay selection, solidifying its role as a key driver towards a s ,  

more efficient, and connected future of transportation. 

Additional Considerations 

While emphasizing the advantages of speed-based selection, it's crucial to acknowle 

its limitations and potential drawbacks. Carefully weigh the benefits against pote 

issues like fluctuating speeds, obstructions, and computational complexity. 

Collaborate with experts in various fields, including signal processing, communica 

engineering, and network optimization, to address various challenges and develop ho] 

solutions. 

Conduct extensive simulations and real-world testing to validate the effectivenes 

proposed algorithms and adapt them to different scenarios and traffic patterns. 

By addressing these concerns and actively pursuing further research, the promise of sp 

based relay selection can be translated into a tangible reality, revolutionizing the lands 

of V2V communication and shaping the future of intelligent transportation systems. 
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