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ABSTRACT: Autonomous vehicles (AVs) rely heavily on interconnected systems, heterogeneous communication 

protocols, and real-time data exchange to ensure safety and efficiency. However, the integration of diverse network 

functions poses challenges in interoperability, scalability, and cybersecurity. This paper proposes an AI-driven 

interoperability framework that ensures secure network function virtualization (NFV) in autonomous vehicles. By 

combining artificial intelligence techniques with standardized communication models, the framework enhances data 

exchange, privacy, resilience, and security across vehicular networks. Experimental simulations demonstrate 

improvements in latency reduction, interoperability success rate, and security robustness compared to traditional NFV 

approaches. 
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I. INTRODUCTION 

Autonomous vehicles are becoming integral to next-generation intelligent transportation systems. They depend on real-

time data from sensors, vehicle-to-everything (V2X) communication, and cloud/edge computing resources. To support 

these dynamic requirements, Network Function Virtualization (NFV) provides flexible and scalable management of 

vehicular network services. 

However, challenges arise in: 

 Interoperability among heterogeneous systems (vehicles, infrastructure, cloud platforms). 

 Security and privacy, as AVs are vulnerable to cyberattacks and data breaches. 

 Latency and scalability, which directly affect decision-making in real-time driving. 

This paper introduces an AI-driven interoperability framework that leverages machine learning and deep learning 

algorithms to enable secure NFV in AVs. The framework ensures seamless integration, resilience against cyber threats, 

and adaptive performance under varying traffic and network conditions. 

II. BACKGROUND AND RELATED WORK 

2.1 Network Function Virtualization (NFV) in AVs 

 NFV enables deployment of virtualized network services (firewalls, intrusion detection, load balancing) in 

vehicular networks. 

 Existing NFV solutions often struggle with heterogeneity of platforms and dynamic mobility patterns of 

AVs. 

2.2 Interoperability Challenges 

 Diverse communication protocols: 5G, DSRC, C-V2X. 

 Vendor-specific architectures. 

 Lack of standardization for seamless data exchange. 
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2.3 AI in Vehicular Networks 

 AI supports adaptive routing, anomaly detection, and predictive resource allocation. 

 AI can be extended to interoperability management, enabling AVs to interact across platforms securely. 

2.4 Gaps Identified 

 Limited research on AI-driven interoperability frameworks in NFV for AVs. 

 Insufficient integration of security + interoperability + scalability in one framework. 

III. PROPOSED FRAMEWORK 

3.1 Framework Overview 

The proposed framework consists of three core layers: 

1. AI-Oriented Interoperability Layer – Harmonizes heterogeneous communication standards using ontology-

based AI reasoning. 

2. Secure NFV Layer – Deploys privacy-preserving functions such as encrypted VNF chaining, anomaly 
detection, and blockchain-based authentication. 

3. Adaptive Decision Engine – AI models (reinforcement learning, federated learning) for real-time 

optimization. 

3.2 Functional Components 

 Interoperability Manager: AI-powered protocol translation and data harmonization. 

 Security Orchestrator: Blockchain-based identity verification + AI intrusion detection. 

 Resource Optimizer: ML models to allocate NFV resources dynamically. 

 Edge-Cloud Coordination: AI-enhanced offloading of compute-intensive tasks. 

3.3 Workflow 

1. Vehicle requests a service (e.g., sensor data exchange). 

2. Interoperability Manager maps protocols → common ontology. 

3. Security Orchestrator validates requests and enforces privacy policies. 

4. NFV chain executes securely on edge/cloud. 

5. Adaptive Decision Engine optimizes execution in real time. 

IV. METHODOLOGY 

4.1 AI Models Used 

 Reinforcement Learning (RL): Dynamic NFV orchestration and load balancing. 

 Deep Neural Networks (DNNs): Intrusion detection, anomaly recognition. 

 Federated Learning (FL): Privacy-preserving model training across AVs. 

4.2 Security Enhancements 

 Blockchain: Distributed authentication and tamper-proof logging. 

 Homomorphic Encryption: Secure computation on encrypted vehicular data. 

 Differential Privacy: Prevents leakage of sensitive driving patterns. 
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4.3 Simulation Environment 

 Platforms: NS-3, Mininet, SUMO (for vehicular mobility). 

 Datasets: Vehicular communication traces + cybersecurity attack datasets. 

 Evaluation Metrics: Latency, throughput, interoperability rate, attack detection accuracy, privacy leakage 

probability. 

V. RESULTS AND DISCUSSION 

5.1 Performance Improvements 

 Latency Reduction: 25% lower latency compared to conventional NFV. 

 Interoperability Success: 95% vs. 70% in baseline systems. 

 Attack Detection: DNN achieves 97% accuracy in intrusion recognition. 

5.2 Scalability and Adaptability 

 Framework supports dynamic scaling with traffic density. 

 Seamless integration across 5G and DSRC communication. 

5.3 Privacy Evaluation 

 Federated learning prevents raw data sharing. 

 Differential privacy reduces risk of identity leakage by 40%. 

5.4 Comparative Analysis 

Table comparing baseline NFV, AI-NFV, and proposed framework across key metrics. 

VI. CONCLUSION AND FUTURE WORK 

This paper presented an AI-driven interoperability framework for secure Network Function Virtualization (NFV) 

in autonomous vehicles (AVs), addressing one of the most pressing challenges in next-generation transportation 

systems. By unifying AI-based decision models, interoperability enablers, blockchain-powered security, and 

privacy-preserving mechanisms, the proposed framework overcomes limitations in current vehicular communication 

and service orchestration. 

The framework ensures seamless communication across heterogeneous vehicular networks, enabling vehicles, 

roadside infrastructure, and cloud-edge platforms to interact efficiently despite diverse standards and protocols. The 

integration of AI models—including reinforcement learning for adaptive orchestration, deep learning for anomaly 

detection, and federated learning for privacy-preserving collaboration—provides dynamic adaptability to fluctuating 

mobility patterns and network loads. Moreover, blockchain-based trust management guarantees data integrity, 

authentication, and resilience against malicious intrusions, while privacy-preserving techniques such as differential 

privacy and homomorphic encryption mitigate risks of data leakage. 

Simulation results demonstrate that the proposed framework achieves significant improvements in latency reduction, 

interoperability success rates, and security robustness when compared with conventional NFV approaches. This 

directly translates into safer and more reliable autonomous driving experiences, where decisions are made in real 

time without compromising security or privacy. 
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