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Abstract  

Although safety applications have been the main driving force behind the development 

of Vehicular Ad-hoc Networks (VANETs), non-safety applications can also greatly 

benefit vehicular networks. Video streaming services, among non-security 

applications, can offer appealing features to many users and draw a large number of 

users. However, the adoption of video services in vehicular networks is challenging 

due to the high mobility characteristics of VANETs and packet loss during 

communication blackouts. This research is unique in the field of software-defined 

networks that examined a video streaming service's effectiveness to investigate how 

well a video on demand service would work for users in vehicles on a highway. The 

packet loss caused by network reconfiguration during handoffs and its impact on the 

quality of the video transmitted have both been examined. With the help of SDN 

technology, we were able to maintain uninterrupted video streaming between vehicles 

in a vehicular ad hoc network. 
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1-Introduction 

The rapid development of intelligent transportation systems has significantly changed 

the way vehicles interact with their surrounding environment. Modern vehicles are no 

longer isolated units; instead, they have become active components within complex 

communication systems that aim to improve road safety, traffic efficiency, and user 

experience. With the continuous growth in the number of vehicles on the road, 

traditional transportation solutions are no longer sufficient to meet current demands, 

particularly in highly dynamic and densely populated urban areas. 

In this context, wireless communication technologies have emerged as a key enabler 

for enhancing information exchange among vehicles and between vehicles and 

infrastructure. These technologies allow real-time sharing of critical data related to 

traffic conditions, road hazards, and navigation assistance. Beyond safety-related 

applications, they also support a wide range of value-added services designed to 

improve passenger comfort, such as multimedia content delivery and Internet 

connectivity during travel. As a result, vehicular communication networks have 

attracted considerable attention from both academic researchers and industry 

practitioners. 

However, the unique characteristics of vehicular environments introduce several 

technical challenges that distinguish them from conventional wireless networks. High 

vehicle mobility, rapidly changing network topology, and frequent link disruptions 

make it difficult to ensure stable and reliable communication. These challenges become 

more pronounced when supporting delay-sensitive applications, such as real-time 

video streaming, which require high data rates, low latency, and consistent Quality of 

Service. Consequently, designing efficient communication mechanisms capable of 

operating under such dynamic conditions remains a critical research problem. 

Addressing these challenges requires a comprehensive understanding of vehicular 

network behavior, communication constraints, and service requirements. Various 

approaches have been proposed to improve data delivery performance and resource 
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utilization; however, achieving an optimal balance between reliability, efficiency, and 

scalability is still an open issue. Therefore, further investigation is necessary to develop 

solutions that can effectively support advanced applications while maintaining 

acceptable service quality in realistic vehicular scenarios. 

A unique variation of MANET that enables wireless communication between vehicles 

on the roadside is the vehicular ad hoc network. This wireless communication network 

is autonomous and self-organizing, with nodes acting as clients or servers to share and 

exchange information. Three types of network architecture exist for VANETs: pure ad 

hoc, WLAN/ cellular and hybrid. New technology has drawn a lot of attention from the 

government, academic community, and business community. [1]. Around the world 

there are many research which are related with video streaming adhoc networks like 

DRIVE, COMCAR, CarTALK 2000, FleetNet , and Network on Wheels (NoW) and 

CarNet [2-7]. 

Figure (1) displays a form of VANET. There are some applications of VANET for 

example Security distance warning, Vehicle collision warning, Cooperative driving, 

Cooperative cruise control, Dissemination of road information, Internet access, Driver 

assistance, Automatic parking, Driverless vehicles and Map location [1]. 
 

Fig (1): Several  applications of VANET. 

Over the past few years, Vehicular Ad Hoc Networks (VANETs) have attracted 

increasing research interest and are considered an essential component in the future 

development of wireless communication services [8], [9]. This technology opens new 
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opportunities for improving advanced solutions that support reliable vehicle-to-vehicle 

(V2V) and vehicle-to-infrastructure (V2I) communications, as illustrated in Fig (2) 

[10]. In order to achieve fast and efficient data exchange, vehicles are equipped with 

wireless communication systems operating over short- or medium-range distances 

[11]. At present, VANETs commonly rely on Dedicated Short Range Communication 

(DSRC), which is based on the IEEE 802.11p standard, and has been widely adopted 

to enhance road safety and traffic efficiency [12]. 

 

 

 

 

 

 

 

 

 

 
 

Fig (2): General VANETs  architecture 

Vehicular Ad Hoc Networks (VANETs) are characterized by their self-organizing 

nature and autonomous operation, enabling vehicles to exchange and disseminate 

information without centralized control [8]. By integrating wireless communication 

technologies, vehicles can directly interact with one another to support safety-related 

functions such as emergency alerts and warnings for stationary vehicles [12]. Beyond 

safety applications, VANETs also facilitate a range of infotainment services aimed at 

improving passenger comfort, including audio delivery, video streaming in both real-

time and non-real-time modes, as well as Internet access through roadside units (RSUs) 

[12], [13]. Among these services, video streaming has emerged as a key application 

that significantly contributes to the advancement and practical adoption of vehicular 

networks [13]. Nevertheless, such applications impose strict resource requirements in 

order to ensure an acceptable level of Quality of Service (QoS). In particular, video 
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streaming demands high data rates along with reliable communication links. Meeting 

these requirements necessitates efficient interaction between vehicles and RSUs, which 

are typically connected to heterogeneous communication technologies. Despite the 

considerable advantages offered by VANETs, guaranteeing enhanced QoS for video 

streaming applications remains a major challenge. In the context of real-time video 

streaming, achieving a clearly defined and acceptable level of service quality places 

strict and often uncompromising demands on the underlying network infrastructure 

[14]. Ensuring Quality of Service (QoS) in VANETs is particularly challenging due to 

the dynamic nature of several network parameters, including bandwidth availability, 

transmission delay, throughput, and latency. This challenge mainly arises from the 

rapidly changing network topology caused by the high mobility and varying speed of 

vehicles [9], [11]. Such frequent topological changes can result in unstable or broken 

communication links between vehicles and roadside units (RSUs) [9], which in turn 

leads to increased packet delays, higher levels of data congestion, and continuous 

fluctuations in the number of active vehicles within the network over time. 

Consequently, in order to further advance VANET technologies, enhance road safety, 

and improve passenger comfort, the design of efficient routing protocols (RPs) is 

essential for reliable communication between RSUs and onboard units (OBUs) [15], 

[16]. 

Recent advancements in Intelligent Transportation Systems (ITS) and wireless 

communication technologies have significantly increased research interest in Vehicular 

Ad Hoc Networks (VANETs). While early research primarily focused on safety-related 

applications, recent developments have expanded VANET usage to include non-safety 

services such as multimedia applications and video streaming. Among these services, 

video streaming is one of the most demanding applications due to its strict Quality of 

Service (QoS) requirements, including high data rates, low latency, minimal packet 

loss, and continuous connectivity [17], [18]. 

Supporting high-quality video streaming in VANET environments remains challenging 

due to inherent network characteristics such as high vehicle mobility, frequent topology 
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changes, and intermittent connectivity. These factors often lead to communication 

disruptions and increased packet loss during handoff events between Roadside Units 

(RSUs), significantly degrading video quality. Recent studies indicate that traditional 

routing and mobility management mechanisms fail to maintain acceptable QoS levels 

under such dynamic conditions [19], [20]. 

To address these limitations, Software-Defined Networking (SDN) has emerged as a 

promising paradigm for enhancing video streaming performance in vehicular networks. 

By decoupling the control plane from the data plane, SDN enables centralized control, 

global network visibility, and adaptive resource management. Recent research 

demonstrates that SDN-based VANET architectures can effectively reduce packet loss, 

minimize handoff latency, and improve overall QoS for multimedia streaming 

applications [21], [22]. 

In line with recent studies, the results presented in this work demonstrate that 

integrating SDN into VANET architectures significantly enhances video streaming 

performance. Simulation outcomes show noticeable improvements in QoS metrics, 

particularly in reducing packet loss and maintaining stream continuity during handoff 

operations, even under high vehicle mobility scenarios. These findings confirm the 

effectiveness of SDN-enabled solutions for supporting reliable video streaming 

services in future vehicular networks [22], [23]. 

The contributions of my paper are summarized as follows: 

• Performance evaluation of video streaming over VANETs under high mobility 

conditions. 

• Design of an SDN-enabled VANET architecture to mitigate packet loss during 

handoff events. 

• Comprehensive QoS analysis demonstrating improved stream reliability. 

• Validation of SDN feasibility for future vehicular multimedia services. 
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2- Related Works 

Recent studies have explored a wide range of approaches aimed at supporting 

multimedia services, particularly video streaming, in vehicular ad hoc networks. These 

works mainly focus on routing strategies, cross-layer optimization techniques, and 

adaptive communication mechanisms to cope with the dynamic characteristics of 

vehicular environments. Several solutions attempt to enhance data delivery 

performance by exploiting vehicle density, mobility patterns, and roadside unit 

assistance, while others emphasize reducing delay and packet loss through intelligent 

forwarding and resource allocation schemes. 

Despite these efforts, the effectiveness of the proposed approaches is often constrained 

by the highly dynamic topology of VANETs and the frequent disconnections between 

vehicles and infrastructure components. Variations in bandwidth availability, link 

stability, and vehicle speed continue to pose significant challenges to maintaining 

consistent Quality of Service (QoS), especially for real-time video streaming 

applications. Consequently, existing studies highlight that further improvements are 

still required to ensure reliable, scalable, and QoS-aware communication in realistic 

vehicular scenarios. 

Video streaming in Vehicular Ad hoc Networks (VANETs) presents significant 

challenges in achieving high Quality of Service (QoS) and reliable delivery due to the 

dynamic topology, frequent link breakages, and stringent delay and bandwidth 

requirements inherent in vehicular environments [24]. These challenges affect key 

performance like delay, end to end, packet loss, jitter, and ultimately the user’s 

perceived Quality of Experience (QoE) for real time video applications. 

Adaptive cross layer mechanisms have been introduced to improve video streaming 

performance in VANETs by mapping video frame priorities to appropriate MAC layer 

queues, taking into account frame importance and current network conditions. These 

mechanisms aim to minimize delay and maximize received video quality by reducing 

congestion and packet loss impacts on time sensitive streams [25]. Complementing 
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these approaches, geographic and QoE aware routing techniques consider both network 

and application layer metrics, such as delay, packet delivery ratio, and user perception 

scores, to select optimal relay vehicles for streaming data and improve user satisfaction 

compared with distance based routing protocols [26]. 

Comprehensive surveys have highlighted the intrinsic relationship between QoS and 

QoE in vehicular video streaming. These studies systematically evaluate various 

models and techniques for measuring QoS and QoE trade offs, as well as their influence 

on the design of efficient video streaming systems in VANETs [27]. Hybrid routing 

strategies that combine V2V and vehicle to infrastructure (V2I) communications have 

also been explored to enhance video dissemination, leveraging intelligent scheduling 

and distribution nodes to reduce packet loss, balance load, and improve throughput 

[28]. 

Swarm intelligence and other bio inspired multipath routing protocols demonstrate 

adaptability in selecting multiple optimal paths, balancing throughput and delay under 

varying vehicle densities, which contributes to sustained video quality in mobile 

environments [24]. In parallel, hybrid routing that integrates geographic and multipath 

strategies has been proposed to minimize frame loss and maintain continuity of video 

streams even under high mobility conditions [26]. 

Moreover, research has investigated enhancements to traditional routing protocols to 

improve stability and QoS for video streaming, such as utilizing predicted link lifetime 

as a route stability metric to reduce link failures and enhance performance in high speed 

scenarios [29]. Finally, comparative and survey studies emphasize the complexity of 

multimedia video streaming over VANETs, identifying various QoS/QoE mechanisms, 

routing protocols, and system level trade offs necessary to achieve efficient and reliable 

real time video delivery [30], while recent work also pushes toward cross layer and 

machine learning based prediction models to further refine QoE estimation and adapt 

streaming strategies accordingly [31][32][33]. 
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3- Methodology 

In order to evaluate the performance and Quality of Service (QoS) for video streaming 

over Vehicular Ad hoc Networks (VANETs), simulation experiments were conducted 

using Mininet-WiFi, which is widely adopted for performance analysis and modeling 

of vehicular network scenarios and applications. The simulations were executed on an 

Ubuntu 20.04 64-bit laptop equipped with an Intel Core i5 10th Generation processor 

and 8 GB of RAM, providing sufficient computational resources for realistic vehicular 

network emulation. 

In the simulation environment, vehicles were modeled as mobile nodes with wireless 

application-based protocols, allowing dynamic behavior that reflects realistic vehicular 

movements and network connectivity. One key advantage of using Mininet-WiFi is its 

ability to generate diverse traffic types, enabling the study of video streaming 

performance under various network loads and traffic conditions. 

The main network and simulation parameters used in the experiments, including node 

density, mobility patterns, transmission ranges, and traffic generation settings, are 

summarized in Table 1. These parameters were carefully selected to provide a realistic 

and reproducible environment for assessing the impact of network dynamics on video 

streaming QoS in VANETs. 

Simulation of Urban Mobility (SUMO) is an open-source, microscopic, and multi-

modal traffic simulation platform that enables detailed modeling of vehicular 

movement within urban road networks. SUMO simulates the motion of individual 

vehicles, each with its own route and unique trajectory, allowing researchers to study 

traffic behavior at a fine-grained level . 

Being purely microscopic, SUMO represents each vehicle explicitly, which provides 

the flexibility to analyze how individual vehicles interact with the network and with 

each other under different traffic conditions. The simulator supports a wide range of 

traffic management studies, such as congestion analysis, route optimization, traffic 
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light coordination, and incident management . 

By default, SUMO simulations are deterministic, meaning that repeated runs with the 

same input produce identical results. However, the platform also provides multiple 

options to introduce stochastic behavior, such as random variations in vehicle departure 

times, routing decisions, and driver behavior, which allows for more realistic modeling 

of urban traffic dynamics. 

This combination of microscopic detail, multi-modal support, and stochastic flexibility 

makes SUMO a highly suitable tool for simulating urban vehicular networks and 

evaluating applications such as video streaming over VANETs, where vehicle mobility 

patterns directly impact network performance and Quality of Service (QoS). 

Table (1): The network parameters. 

Parameter Value 

Simulator Mininet-Wifi 

Simulation Area 3200*3200 meters 

Simulation Time 900 seconds 

Node movement model Random Waypoint 

Transmission range 300m 

Traffic type Video Conferencing 

Trajectory Random 

Speed 75km/h 

 

 

 

 

 

 

 

 

 

 

 

 
Fig(3): GUI of Mininet-Wifi 
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Fig(4): GUI of SUMO. 

In this work, video streaming was implemented within a Vehicular Ad Hoc Network 

(VANET) environment to support communication between vehicles and, where 

applicable, between vehicles and roadside infrastructure. Video streaming involves the 

continuous transmission of visual data, either in real-time or non-real-time modes, 

using available wireless communication links. The main objective of this 

implementation is to provide useful visual information and enhance passenger 

experience while maintaining an acceptable level of service quality. 

Due to the high mobility of vehicles and the constantly changing network topology, 

maintaining stable video transmission in VANETs presents several challenges. 

Frequent link disruptions and variations in network conditions may lead to packet loss 

and increased transmission delay. To address these issues, the implemented approach 

focuses on improving communication reliability and reducing delay, which contributes 

to better Quality of Service (QoS) for video streaming applications. The obtained 

results indicate that appropriate communication and resource management strategies 

can significantly enhance video streaming performance in vehicular network scenarios. 

Figure (5) is included to visualize the interaction between vehicular nodes during video 

transmission and to demonstrate the effect of mobility and handoff on network 

performance. 

https://doi.org/10.59992/IJCI.2026.v5n3p2


 
 

35 
 

International Journal of Computers and Informatics, London  Vol (5), No (3), 2026 

https://doi.org/10.59992/IJCI.2026.v5n3p2                                                       E-ISSN 2976-9361 

 

 

 

 

 

 

 

 

 

Fig(5): Video Transmission 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig(6): ping between vehicles 

4-Conclusion and Future Work 

A number of simulations of real-time video streaming via automotive networks are 

described in this research. This Research examines how handoffs reduce overall 

quality. of a video streamed while crossing a road. The packet loss rate increases as 

video bitrate and vehicle speed do. Despite quick handoff methods that reduce handoffs 

Blackouts are utilized, although the deployment is limited by packet losses of on-

demand video services in mobile networks. because of reason why video analysis can 

be useful in future studies employing dependable protocols for streaming to prevent 
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packet loss during the exchange of ideas. The investigation of video streaming across 

automotive networks will be expanded in future studies to include behavior analysis of 

the TCP transport protocol's various varieties. Other network mobility strategies to 

avoid blackouts of video streaming are also being researched in future plans. Instead 

of focusing on network layer mobility, this mobility proposal will focus on transport 

layer mobility. It will also include multi-path and multi-homing characteristics, 

optimize communication data rate during handoffs, and guard against network 

disconnections. 
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