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Abstract  

The VANET customized vehicle network's versatility, cost-effectiveness, 
accurate sensing, and potential to open up new and exciting remote sensing 
applications make it an intriguing subject of study. VANET, short for Vehicular Ad 
Hoc Network, is a network designed to build an automobile network for a specific 
purpose. VANETs are being developed as reliable networks used by automobiles to 
prevent road accidents and ensure passenger safety. They also allow automobiles to 
communicate, sending emergency alerts and entertainment updates on highways and 
in cities. VANET is a mobile network that predicts and assists drivers and others in 
life-threatening and road safety-related circumstances. Despite their many benefits, 
these networks face many challenges due to their nature. Random movement patterns 
and high-speed mobility change network structure, resulting in frequent deliveries. 
This issue is especially important in dedicated vehicle networks, which we will discuss 
here. This article investigates the possibility of transitioning from VANET to the 
incorporation of LTE, SDN, and ultimately 5G to establish performance. 

Keywords: Automobile network, Remote Sensing Applications, Road Accidents 
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I.    Introduction 

The growth of wireless networks and the increasing number of wireless 
devices, such as remote controls, personal digital assistants, laptops, mobile phones, 
and automated control technologies, have facilitated their utilization by a growing 
population and expansion. Given the increasing number of traffic accidents and the 
growing complexity of road networks, there is an urgent need for a technology that may 
both prevent accidents and enhance the well-being of road commuters. Vehicular Ad 
Hoc Networks (VANETs), a novel form of mobile network, were introduced [I-XI]. 
Figure 1 illustrates the wireless Ad-hoc networks and their components, with VANET 
networks being a specific category under the broader classification of MANET (Mobile 
Ad-hoc Network). 

A VANET network is a distinct variant of a MANET network. These networks are 
decentralized and self-organized. The network comprises numerous mobile trucks and 
communication towers known as RSUs (Road Side Units), which are situated alongside 
the roads [XII-XV]. 
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Potential advancements in driver and passenger safety and comfort can be achieved by 
developing new technologies that utilize wireless communication devices between 
mobile cars on road networks. This network was constructed specifically for Intelligent 
Transportation Systems (ITS) to enhance transportation efficiency [X-XXVI]. These 
networks facilitate communication and coordination among cars in order to prevent 
accidents, notify road users about traffic accidents, prevent traffic congestion, regulate 
vehicle speed, ensure the smooth passage of emergency vehicles, and prevent unlawful 
obstructions.  

 

 

Fig. 1.  Wireless Ad-hoc networks. [X] 

The structure of this paper is as follows. Section I provides a comprehensive definition 
of VANET networks and elucidates their advantages. Section II provides an analysis 
of the communication technologies that can be incorporated into VANET networks 
along, with an exploration of the handover concept. Moving on to Section III it offers 
an overview of existing studies related to VANET networks and their improvement. In 
Section IV we will detail the suggested approach, including the tools to be used for the 
determination of Measure Metrics and the definition of four work scenarios. Section V 
will showcase the results of the proposed methodology. Offer an analysis. As for 
Section VI, covers the conclusion and potential future endeavors. Lastly, Section VII 
includes all references cited in this research. 

II.   Background 

This part provides an overview of communication technologies that can be 
incorporated into VANET networks along, with an introduction, to the idea of 
handover. 

Long-Term Evolution (LTE) 

LTE, also known as 4G LTE is a wireless communication standard that represents an 
advancement, in mobile technology. It was developed to meet the growing demand for 
data transfer, reduced latency, and enhanced connectivity in a society dependent on 
mobile devices and data usage. Compared to its forerunner 3G (Third Generation) LTE 
presents an improvement, with higher data speeds and overall efficiency [L-LX]. 

LTE stands out for its IP (Internet Protocol) architecture facilitating data transfer, over 
mobile networks and the web. The device operates on frequency bands, including 
unlicensed ones providing adaptable connectivity, in urban, suburban, and rural areas. 
LTE uses multiple antenna strategies, like MIMO (Multiple Input, Multiple Output) 
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and efficient spectrum management techniques to enhance data speed making it ideal 
for tasks that require a lot of bandwidth, such, as streaming multimedia content, high-
definition video calls, online gaming and more. 

LTE stands out for its latency, which is crucial, for time-sensitive tasks like voice calls, 
online gaming, and IoT devices. The decrease, in latency, is achieved through a network 
structure and by minimizing delays related to packet switching. Figure 2 provides an 
overview of the applications of LTE technology. 

 

Fig. 2. Applications of LTE 

A. Software-Defined Networking (SDN) 

Software Defined Networking (SDN) stands for an approach, to network design, 
management, and operation that marks a departure from traditional methods. In 
network setups devices like routers and switches handle both control and data 
forwarding functions within a hardware unit. This integrated setup can pose challenges 
when adapting to changing network requirements and services due, to its inflexibility. 
SDN addresses these limitations by separating the control logic from the data 
forwarding process resulting in a customizable and agile network infrastructure [L-
LX]. 

Software-defined networking (SDN) revolutionizes networking by dividing the control 
and data planes, enabling centralized network management powered by software. This 
technique provides more flexibility, scalability, and adaptability in network operations, 
making it an essential facilitator for contemporary, dynamic, and responsive network 
infrastructures. SDN continues to lead the way in innovation as network demands grow, 
enabling enterprises to fully utilize their networks to meet the dynamic requirements of 
the digital age. Figure 3 illustrates the SDN method. 

 

Fig. 3. SDN method. 
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B. Fifth Generation of Mobile Networks (5G) 

5G, the fifth generation of mobile networks, signifies a significant advancement in 
wireless technology that has the potential to transform the way we connect, 
communicate, and engage with the digital realm. 5G represents a substantial 
improvement over its predecessor, 4G LTE, in terms of speed, capacity, latency, and 
connectivity. This technology heralds a new era of interconnectedness that will have a 
major influence on multiple businesses and our everyday existence [I-LX]. 

5G is a revolutionary advancement in mobile technology that provides quicker speeds, 
less delay, increased capacity, and improved connectivity. It also enables the 
development of innovative apps and services in several industries. The influence of this 
technology extends beyond the enhancement of our smartphones. It has the capacity to 
completely transform our way of life, work, and engagement with the digital realm. 
This will bring about a new era of unparalleled connectedness and technical progress. 
Figure 4 represents the concept of a 5G network. 
 

 

Fig. 4. 5G network. 

C. Handover 

Handover is the act of moving a mobile device from one cell to another and establishing 
a connection with the new base station [XLVI-LX]. The handover is essential to 
guarantee the uninterrupted connection between the devices during their physical 
separation. Handover can take various forms, with horizontal Handover and vertical 
Handover being the most significant. 

Horizontal handover is the act of transferring a connection between two devices that 
are either identical or have comparable characteristics. Conversely, vertical handover 
refers to the process of transferring a connection between two devices that possess 
separate or varied features. Deliveries can be categorized according to many attributes, 
including flexible handover, fixed handover, and reactive handover [XVIII].  

The handover primarily occurs as a result of the deterioration of signal strength in the 
service cell. When the User Equipment (UE) moves beyond the coverage area of the 
cell. To ensure a consistent connection, a user equipment (UE) may transition its 
connection to a neighbouring cell that has superior signal quality compared to the 
present service cell. Several key factors are taken into account while defining the 
Handover, such as high population density, coverage of the mobile network, movement 
patterns, allocation of resources within the network, protocols, and analysis of network 
topology and its related parameters. 
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III.     Related Work 

The researchers improved system efficiency by developing a fuzzy approach 
based on demand time, download, and upload time to manage network resources, as 
described in the research [X-L]. In a separate study [XLVIII], a fuzzy system was used 
to dynamically regulate the transmission force required to hold the car. The paper 
[XLIX] describes a fuzzy system that efficiently transmits information in VANET 
networks. In this system, a node rebroadcasts the information, and the fuzzy system 
relies on many input parameters, including communication, transmission, and node 
coverage.  

The study [L] suggested including a fuzzy approach to describe the dependability and 
security of in-vehicle networks. This involved measuring the reliability of each node as 
it communicated with another node. In another research project [LI], the dependability 
value was determined by considering factors such as the quantity of packets, the rate at 
which packets are repeated, and the similarity of nodes. This analysis was conducted 
using a neural fuzzy controller. Paper [LII] contains a collaborative learning method 
was employed to enhance the precision of the vehicle's positioning during navigation 
when the GPS signal is unavailable.  

A study [LIII] introduces a learning algorithm that utilizes  (MABs) to optimize data 
publication through prefetching in the vehicle cloud system. The learning algorithm is 
employed to ascertain the success rate of the unidentified network, therefore enabling 
the construction of an optimal binary decision matrix for determining the approach to 
data prefetching from the data center. In their study [LIV], researchers effectively 
managed data congestion by categorizing messages based on message type, size, and 
validity. By utilizing the K-mean algorithm, they were able to significantly enhance the 
transfer rate, reduce latency, and minimize packet loss. The research [55] introduces a 
reinforcement learning technique that enhances the RSU access scheduling by 
considering the limitations of a power source (rechargeable battery). This algorithm 
leads to improvements in the RSU throughput and other Qos metrics. 

 The study [LVI] improved the forecasting of road safety in VANET through the use 
of an analysis-incorporated network known as FMCNN. Furthermore, they applied a 
network to anticipate road safety by integrating feature interactions gathered during the 
pre-training phase. In a study [LVII], researchers introduced a faceted optimization 
framework tailored to tackle the challenge of selecting mobile gateways, in VANET 
networks. This optimization strategy is geared towards enhancing the connectivity of 
consumer vehicles and ensuring load distribution. 

IV.     Method 

A. Tools 

NS 3, also known as Network Simulator 3 is a software platform used to design 
and analyze computer network simulations. It employs a discrete event approach to 
accurately model and simulate the behavior of computer networks. This tool is widely 
used for research and development, in network protocols, communication systems, and 
related applications. Ns 3 is an open-source network simulation framework mainly used 
for research purposes. It operates on an event-driven basis allowing researchers, 
engineers, and developers to create models of network scenarios, experiment, with 
network protocols and configurations, and evaluate different networking technologies' 
effectiveness. 
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B. Measure Metrics 

Throughput: The speed at which data is effectively sent or received on a communication 
channel, network, or system is known as throughput. Throughput measures the amount 
of data that can be moved across a network and is essential, for evaluating the 
effectiveness of network functions. 

Packet Loss Ratio: measuring the percentage of data packets that don't make it to where 
they're supposed to go when sent through a network or communication channel. This 
measurement is usually expressed as a percentage or fraction showing how many 
packets were lost out of the number sent. When there’s a rate of loss it can lead to 
performance issues, more retransmissions, and lower service quality. Keeping an eye 
on the number of lost packets helps assess how well a network is doing overall and spot 
any issues.  

Received Delivery Packet: Successful reception and delivery of data packets, within a 
network or communication system are essential for assessing data transmission 
effectiveness analyzing delivery efficiency, and identifying loss or network issues. 
Monitoring the number of received delivery packets is key, to evaluating these aspects. 

C. Scenarios of Work 

This paper discusses how four types of handover scenarios are carried out in settings. 
The scenarios are displayed in Table 1. 

Table 1: Scenarios of work. 
 

 

 
 

 

 

 

i. Scenario 1 

In this scenario, we employ handover in VANET by utilizing a variety of VANET 
protocols. Three VANET protocols will be utilized during the handoff process, 
followed by the calculation of throughput, which refers to the rate at which data packets 
are received successfully at their intended destinations. Figure 5 depicts the throughput 
during a handover scenario for each protocol type. The protocols can be described as 
the following; 

a. AODV (Ad hoc On-Demand Distance Vector) is a routing system that establishes 
routes between nodes only when necessary, minimizing overhead by maintaining active 
routes. However, the efficiency of this protocol can lead to delays in route discovery 
and setup compared to proactive protocols like OLSR and DSDV. 

b. OLSR is a proactive routing technique that keeps routing information up-to-date 
using a table-driven approach. It uses control messages to continuously update routing 
tables, reducing route-finding time but increasing the number of control messages sent. 

c. DSDV (Destination-Sequenced Distance Vector) is a proactive routing technique 
that maintains a comprehensive list of destinations in its routing table. It uses sequential 
numbers and a distance-vector algorithm to ensure up-to-date routes without loops. 

No. Information about Scenario 

Scenario 1 Implement handover in VANET. 

Scenario 2 Implement handover in VANET with LTE. 

Scenario 3 Implement handover in VANET with SDN. 

Scenario 4 Implement handover in VANET with 5G. 
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However, frequent updates in dynamic networks like VANETs result in increased 
overhead. 

 

Fig. 5. Throughput during the handover scenario. 
 

Figure 5 indicates that the throughput is significantly higher when utilizing AODV. 
However, it should be noted that AODV's on-demand approach, while it may have 
faster route setup times, could lead to more frequent route discoveries. This can have 
an impact on the received rate during the formation of routes. 

After determining that AODV is the most effective routing protocol for handover, we 
implemented AODV as shown in Figure 6. Subsequently, we performed a handover 
and measured the throughput during the handover process. 

 

Fig. 6. Handover under only AODV. 

Figure 7 displays the result that was obtained from the calculation of throughput. It was 
found the handover process made the throughput increase.  
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Fig. 7. Throughput under handover. 

Next, we determine the packet loss rate and the packet delivery rate for successful 
packets. Figure 8 illustrates the metrics values in VANET. 

 

Fig. 8. Metrics in VANET. 

ii. Scenario 2 

In the field of LTE (Long-Term Evolution) and cellular networks, a "handover," also 
referred to as a "handoff," is the procedure of shifting an ongoing communication 
session or data connection from one cell or base station to another as a mobile device 
(such as a smartphone or tablet) or user equipment (UE) moves throughout the network. 
Handovers are an essential component of cellular communication systems and have a 
critical function in guaranteeing uninterrupted connectivity for mobile users. 

The integration of VANETs with LTE can enhance the handover process, making it 
more fluid and efficient. The VANET system incorporates LTE (Long-Term 
Evolution) cellular technology, enabling vehicles to establish connections with both 
RSUs (Roadside Units) and LTE base stations. Handovers between RSUs and LTE 
base stations can be efficiently handled by optimizing characteristics such as signal 
strength, load, and available bandwidth. The utilization of LTE-V2X (Vehicle-to-
Everything) communication protocols can be implemented to improve connectivity. 

The handover result in the Vehicular Ad Hoc Network (VANET) with Long-Term 
Evolution (LTE) is depicted in Figure 9. 
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Fig. 9. Handover in VANET with LTE. 

Figure 9 displays log entries that signify handover events. Log entries may contain 
situations where a User Equipment (UE) is initially connected to one eNodeB (eNB) 
and subsequently establishes a successful connection with another eNB. Handovers 
occur when User Equipment (UEs) migrate between cells, ensuring uninterrupted 
communication.  
Upon completing the handover, proceed to calculate the metrics. Figure 10 illustrates 
the metrics values in LTE VANET. 

 

Fig. 10. Metrics in LTE VANET. 

iii. Scenario 3 

In the area of Software-Defined Networking (SDN), "handover" denotes the act of 
shifting authority or supervision of network resources and traffic from one network 
controller or domain to another. Handovers in Software-Defined Networking (SDN) 
commonly occur when there is a requirement to smoothly transfer or distribute network 
control between several SDN controllers, domains, or administrative organizations.  

Software-defined networking (SDN) in Vehicular Ad Hoc Networks (VANETs) brings 
about a heightened degree of adaptability and authority in managing the network. SDN 
controllers effectively oversee and control network resources and the movement of 
data. The SDN controller can coordinate handovers by making real-time choices using 
information about network conditions, traffic patterns, and QoS needs. Software-
defined networking (SDN) has the capability to enhance handover decisions, resulting 
in enhanced performance and more efficient utilization of resources. After 
incorporating SDN architecture into the above situation to improve performance, the 
handover outcome is depicted in Figure 11. 
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Fig. 11. Handover in VANET with SDN. 

Figure 11 illustrates the effective implementation of a handover procedure in an LTE 
network with SDN, showcasing the advantages of SDN in overseeing and enhancing 
network operations, such as handovers, to enhance user satisfaction and network 
efficiency. Figure 12 illustrates the metrics values in SDN VANET. 

 

Fig. 12.  Metrics in SDN VANET. 
iv. Scenario 4 

In 5G (Fifth Generation) wireless networks, a "handover," also referred to as a 
"handoff", is the procedure of transferring an ongoing communication session or data 
transmission from one cell or base station (eNodeB or gNodeB) to another, while 
ensuring uninterrupted continuity of the session. Handovers are crucial for ensuring 
uninterrupted and consistent connectivity of mobile devices as they transition within 
the network's service area or encounter variations in signal strength and quality. 

Handovers are essential for facilitating movement and ensuring uninterrupted 
connectivity in 5G networks. They serve a wide range of applications, including voice 
conversations, video streaming, Internet of Things (IoT), and vital services. The 5G 
standard incorporates sophisticated handover techniques to optimize efficiency, 
minimize latency, and enhance the overall user experience in a dynamic and 
continuously changing wireless environment. Figure 13 illustrates the metrics values 
in 5G VANET. 
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Fig. 13.Metrics in SDN VANET. 

Vehicular ad hoc networks (VANETs) that are combined with 5G technology get 
advantages from the fast data transfer speeds, little delay, and extensive device 
connection provided by 5G networks. Handoffs between 5G base stations are 
anticipated to be exceptionally rapid and effective. 5G NR and C-V2X technologies 
facilitate sophisticated vehicular communication and support autonomous car 
applications. The network slicing capabilities of 5G enable the creation of unique slices 
for various VANET services, each with customized Quality of Service (QoS) needs. 

V.     Results and Discussion 

In a traditional VANET scenario, where vehicles connect with each other 
directly in an ad-hoc way, the 18% packet loss rate poses a substantial obstacle to 
sustaining dependable communication. Such a high amount of packet loss can cause 
interruptions in the transfer of data, which can have a negative impact on applications 
like vehicle-to-vehicle (V2V) communication and safety-critical communications. In 
each scenario, Figure 14 illustrates the rate of loss. 

 

Fig. 14. Rate of packet loss. 

The integration of Long Term Evolution (LTE) technology, in Vehicular Ad Hoc 
Networks (VANETs) aims to improve connectivity and reduce data loss when 
compared to VANETs. However, a 15% packet loss rate suggests that there is room for 
improvement. Term Evolution (LTE) Vehicle Ad Hoc Networks (VANETs) could 
offer reliability and lower latency, than VANETs without LTE integration. 

In the SDN VANET scenario, there is a decrease, in the number of lost packets with a 
rate of 12%. This indicates that integrating Software Defined Networking (SDN) 
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enhances the reliability of delivering packets. SDN enables networks to be managed 
dynamically and resources to be allocated efficiently. As a result it can reduce loss. 
Enhance communication, within vehicular ad hoc networks (VANETs). 

The scenario involving 5G VANET showcases performance boasting an 11% packet 
loss rate. When 5G technology is integrated into VANETs there is an enhancement, in 
the reliability of delivering packets. The 11% packet loss rate illustrates the capability 
of the 5G VANET environment to reduce data packet losses particularly when 
encountering challenges like mobility, varying signal conditions, and the need for quick 
communication. The advanced features of 5G, such as reliable low latency 
communication (URLLC) and network slicing play a pivotal role in achieving this 
outstanding packet loss rate. The infrequent instances of loss in "5G VANET" offer 
advantages, for applications requiring immediate data exchange, including autonomous 
driving, traffic management, and critical safety communication. In each scenario, 
Figure 15 illustrates the rate of packet delivery. 

 

Fig. 15. Rate of packet delivery. 

In a VANET environment the delivery success rate, for packets stands at 81%. This 
statistic shows that a significant amount of data packets manage to reach their 
destinations within the VANET system with challenges, like movement and changing 
signal conditions. 

The scenario involving "LTE VANET" showcases an improvement, in the success rate 
of delivering packets reaching 84%. The integration of LTE technology enhances the 
reliability of transmitting data packets, in VANETs. 

In "SDN VANET" scenario, the delivery speed of packets goes, up to 87%. The 
utilization of Software Defined Networking (SDN) improves the delivery process and 
communication resulting in a packet delivery rate. 

In the scenario involving "5G VANET," it achieves a delivery rate of 88% as mentioned 
before. This underscores the effectiveness of 5G technology, in ensuring data packet 
transmission, within VANETs.  
In essence, the findings indicate that "5G VANET" excels, in minimizing loss and 
achieving a rate of packet delivery. This technology is well suited for critical 
communication needs in vehicles focusing on reliability and swift communication, with 
delays. The incorporation of sophisticated technology is ongoing, thereby improving 
the capabilities of vehicle networks and their capacity to facilitate various applications. 
The integration of Internet of Things (IoT) devices, microstrip devices like antennas 
and filters, and cybersecurity plays a crucial role in enhancing handover techniques in 
vehicular networks. IoT devices provide real-time data and connectivity for vehicles, 
enabling seamless communication and information exchange. Microstrip devices, such 
as antennas and filters, help improve signal reception and transmission, which is 
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essential for reliable communication between vehicles and infrastructure. Additionally, 
cybersecurity measures are vital to protect the integrity and privacy of data exchanged 
in vehicular networks, ensuring secure handover processes and preventing potential 
cyber threats [II, XV, XXV, XXVII, XXIX, XLI, LIX, LXII-LXIV, LXX, LXXII]. 

VI.     Conclusion and Future Work 

In this research, we studied VANET networks under several scenarios to reveal 
the significant impact of advanced technologies in redefining vehicular 
communications and preparing the delivery process in them. 

This research addresses the development from traditional VANET to the integration of 
LTE, SDN, and eventually 5G and the impact of this development on the significant 
advances in performance metrics for packet loss rate and packet delivery rate as they 
are fundamental factors that affect the effectiveness of the handover process, which is 
very important in vehicular networks. 

Among the studied scenarios, the “5G VANET” scenario, in which we see an 
exceptional achievement with an 11% lower packet loss rate, was the best. The result 
we have achieved with 5G VANET networks ensures connectivity through a seamless 
transmission process, as vehicles move between cells or base stations. 5G VANET 
providing fast connectivity and reducing packet loss is very important in many tasks 
such as driving and traffic control. 

It has been observed that the use of “VANET”, “LTE VANET”, and “SDN VANET” 
greatly affects the handover process, as it helps in improving the reliability of handover 
transfers, which reduces the chances of service interruption during network switching. 
While using 5G VANET, it involves improvements in loss rates and handover rates 
resulting in an efficient and effective handover process. 

Improving the delivery phase provides opportunities to enhance road safety, enhance 
traffic management, and improve the operation of self-driving cars. By incorporating 
cutting-edge technologies, such as 5G, we can ensure optimization while enabling 
decision-making during deliveries, leading to a better user experience. 

In the realm of cutting-edge networks, upcoming studies need to concentrate on 
creating environments that are completely independent, safe, and eco-friendly. These 
environments should empower vehicles to communicate collectively enhance routes 
and enhance road safety.  

This forthcoming effort should include integrating edge computing to facilitate 
decision-making enforcing security protocols embracing hybrid network structures for 
seamless connectivity designing innovative interfaces, for human vehicle engagement, 
and incorporating sustainable energy alternatives.  

Furthermore, it is crucial for researchers to play a role, in shaping frameworks, 
legislation, and ethical standards to ensure accountable execution and emphasize the 
societal benefits. The objective is to convert vehicular networks into robust, disaster-
prepared systems that enhance the safety, intelligence, and sustainability of 
transportation, addressing the expanding requirements of a swiftly changing world. 
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