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Abstract 

Edge computing is revolutionizing autonomous vehicle (AV) networks by enabling 

real-time data processing, low-latency communication, and enhanced decision-

making at the network edge. Autonomous vehicles generate massive volumes of data 

from sensors such as LiDAR, radar, cameras, and GPS, which require rapid analysis 

to ensure safe navigation, collision avoidance, and traffic optimization. Traditional 

cloud computing solutions often struggle with latency and bandwidth constraints, 

potentially compromising the safety and efficiency of AV operations. By processing 

data locally on edge devices, edge computing reduces dependency on centralized 

servers, allowing instantaneous responses to dynamic driving conditions and 

improving reliability in mission-critical scenarios. 

In AV networks, edge nodes can include roadside units, vehicle-mounted processors, 

and micro data centers, all collaborating to share relevant traffic, environmental, and 

vehicle status information. Integration with vehicle-to-vehicle (V2V) and vehicle-to-

infrastructure (V2I) communication enhances cooperative driving, traffic 

management, and predictive maintenance. Additionally, edge computing supports AI 

and machine learning algorithms for real-time object detection, path planning, and 

adaptive control, while preserving privacy by minimizing the transmission of sensitive 

data to central servers. 

Challenges include heterogeneous hardware management, cybersecurity risks, 

efficient resource allocation, and scalability to support dense urban traffic networks. 

Advances in 5G connectivity, vehicular fog computing, and software-defined 

networking (SDN) are expected to further optimize edge-enabled AV networks, 

enabling robust, low-latency, and intelligent transportation systems. Future 

developments may also explore energy-efficient edge architectures, collaborative 

multi-access edge computing (MEC), and integration with blockchain for secure data 

exchange. 

By leveraging edge computing, autonomous vehicle networks can achieve higher 

safety standards, improved traffic flow, reduced latency, and enhanced overall 

operational efficiency, paving the way for the widespread adoption of intelligent, 

autonomous, and connected transportation systems. 
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1. Introduction 

The advent of autonomous vehicles (AVs) has ushered in a new era of transportation, characterized by increased safety, 

efficiency, and convenience. However, the successful deployment of AVs necessitates the processing of vast amounts of data 

generated by onboard sensors in real-time. Traditional cloud computing models face challenges in meeting the stringent latency 

and bandwidth requirements of AV systems. 
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Edge computing, by processing data closer to its source, 

offers a promising solution to these challenges. Medium+1 

 

2. Architectural Frameworks of Edge Computing in AV 

Networks 

The integration of edge computing into AV networks 

involves several architectural models: 

• Vehicle-to-Vehicle (V2V) Communication: Enables 

direct communication between vehicles, facilitating 

cooperative driving and collision avoidance.PMC+1 

• Vehicle-to-Infrastructure (V2I) Communication: 

Allows vehicles to interact with road infrastructure, such 

as traffic lights and road signs, to optimize traffic flow. 

• Edge Nodes: Local computing units deployed at 

strategic locations to process data from vehicles, 

reducing latency and bandwidth usage.Medium 

• Cloud Servers: Centralized data centers that provide 

additional processing power and storage capabilities. 

 

These architectural components work in tandem to create a 

robust and efficient AV network.ResearchGate 

 

3. Benefits of Edge Computing in AV Networks 

The incorporation of edge computing into AV networks 

offers several advantages: 

• Reduced Latency: By processing data locally, edge 

computing minimizes the time required for data 

transmission, enabling real-time decision-making. 

• Bandwidth Optimization: Local data processing 

reduces the amount of data transmitted to the cloud, 

alleviating network congestion. 

• Enhanced Reliability: Edge computing ensures 

continuous operation even in the event of network 

failures, as local processing can continue independently. 

• Improved Privacy and Security: Processing sensitive 

data locally reduces the risk of data breaches and 

enhances user privacy. 

 

4. Challenges and Limitations 

Despite its benefits, the integration of edge computing into 

AV networks presents several challenges: 

• Resource Constraints: Edge nodes have limited 

processing power and storage capacity compared to 

cloud servers. 

• Scalability: Deploying and managing a large number of 

edge nodes can be complex and resource-intensive. 

• Security Concerns: Edge nodes are vulnerable to cyber-

attacks, necessitating robust security measures. 

• Interoperability: Ensuring seamless communication 

between diverse devices and platforms can be 

challenging. 

 

5. Case Studies 

• Case Study 1: Platooning in Freight Transport: The 

implementation of edge computing in freight transport 

has enabled platooning, where multiple trucks travel 

closely together, reducing fuel consumption and 

increasing road safety. 

• Case Study 2: Smart Traffic Management: Edge 

computing facilitates real-time traffic monitoring and 

management, optimizing traffic flow and reducing 

congestion. 

 

6. Future Directions 

The future of edge computing in AV networks lies in several 

key areas: 

• 5G Integration: The deployment of 5G networks will 

provide high-speed, low-latency communication, 

enhancing the capabilities of edge computing in AV 

networks. 

• Artificial Intelligence (AI) and Machine Learning 

(ML): Integrating AI and ML algorithms at the edge will 

enable advanced data analytics and decision-making 

capabilities. 

• Standardization: Developing standardized protocols 

and frameworks will ensure interoperability and 

facilitate the widespread adoption of edge computing in 

AV networks. 

 

7. Conclusion 

Edge computing plays a pivotal role in the evolution of 

autonomous vehicle networks by addressing the challenges 

associated with real-time data processing. While there are 

hurdles to overcome, the potential benefits make edge 

computing an essential component of future AV systems. 

Continued research and development in this field will pave 

the way for safer, more efficient, and more reliable 

autonomous transportation. JISEM Journal+1 
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