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ABSTRACT: The rapid evolution of autonomous driving demands collaborative, intelligent frameworks capable of 

handling complex driving environments in real time. This paper proposes an AI-driven multi-agent generative pipeline 

for cooperative autonomous driving, incorporating image denoising techniques to enhance perception accuracy under 

varying environmental conditions. The framework leverages microservices and containerization to ensure modularity, 

scalability, and efficient deployment across heterogeneous vehicular and edge-cloud systems. Multi-agent generative 

models enable cooperative decision-making, path planning, and adaptive behavior among autonomous vehicles, while 

AI-driven image denoising improves sensor data quality for robust object detection and navigation. Experimental 

results demonstrate that the proposed approach significantly enhances traffic coordination, reduces perception errors, 

and supports real-time collaboration among vehicles. This study highlights the integration of generative AI, 

microservices, and image processing as a foundation for scalable, cooperative autonomous driving ecosystems. 
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I. INTRODUCTION 

 

The advent of autonomous vehicles (AVs) has the potential to transform transportation by improving safety, reducing 

congestion, and enhancing efficiency. However, the realization of these benefits requires AVs to operate not in 

isolation but as part of a cooperative system. Effective cooperation among multiple AVs is essential for tasks such as 

coordinated lane changes, intersection management, and platooning. 

 

Traditional approaches to autonomous driving often focus on single-agent systems, where each vehicle operates 

independently. While these systems can achieve high levels of autonomy, they may struggle in complex, dynamic 

environments where coordination with other agents is crucial. Multi-agent systems (MAS) offer a promising solution 

by enabling vehicles to share information and collaborate in decision-making processes. 

 

Recent advancements in generative models, particularly Generative Adversarial Networks (GANs), have shown 

promise in simulating realistic traffic scenarios, including rare and hazardous events. These models can generate 

synthetic data that can be used to train and validate AV systems, improving their robustness and safety. 

 

Incorporating Vehicle-to-Everything (V2X) communication further enhances the capabilities of MAS by allowing AVs 

to exchange information about their intentions, sensor data, and environmental conditions. This real-time 

communication facilitates coordinated actions and improves situational awareness. 

 

This paper proposes the Multi-Agent Generative Pipeline (MAGP), a framework that integrates generative models, 

MARL, and V2X communication to enable cooperative autonomous driving. The following sections review related 

work, describe the methodology, present experimental results, and discuss the implications of the proposed framework. 

 

II. LITERATURE REVIEW 

 

The integration of multi-agent systems (MAS) in autonomous driving has been a subject of extensive research. Early 

studies focused on cooperative adaptive cruise control (CACC), where vehicles communicate to maintain safe distances 
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and improve traffic flow. These systems demonstrated the potential benefits of vehicle coordination but were limited by 

the complexity of real-world driving scenarios. 

 

Recent advancements have incorporated reinforcement learning (RL) to enable agents to learn optimal policies through 

interaction with the environment. Multi-agent reinforcement learning (MARL) has been applied to various driving 

tasks, including intersection management, lane merging, and platooning. However, MARL approaches often face 

challenges related to scalability, convergence, and the non-stationarity of the environment due to the presence of 

multiple learning agents. 

 

Generative models, particularly Generative Adversarial Networks (GANs), have shown promise in simulating realistic 

traffic scenarios. These models can generate synthetic data that captures the variability and complexity of real-world 

driving conditions. Such data can be used to train and validate AV systems, improving their robustness and safety. For 

instance, the work by Zhao et al. demonstrated the use of multi-agent tensor fusion for contextual trajectory prediction, 

highlighting the importance of modeling interactions among agents. 

 

Vehicle-to-Everything (V2X) communication has become a critical component in enabling real-time information 

exchange among vehicles and infrastructure. V2X communication facilitates coordinated actions, enhances situational 

awareness, and improves safety. However, the implementation of V2X communication systems faces challenges related 

to latency, reliability, and interoperability. 

 

Despite the advancements in MAS, MARL, generative modeling, and V2X communication, integrating these 

components into a cohesive framework for cooperative autonomous driving remains a significant challenge. The 

proposed Multi-Agent Generative Pipeline (MAGP) aims to address this gap by combining these technologies to enable 

scalable, adaptive, and safe cooperative driving. 

 

III. RESEARCH METHODOLOGY 

 

• Data Acquisition and Preprocessing: The first step involves collecting diverse data sources including sensor data 

(LiDAR, radar, cameras), Vehicle-to-Everything (V2X) communication logs, and traffic/environmental datasets. This 

multimodal data is preprocessed to remove noise, synchronize timestamps, and ensure compatibility for downstream 

modeling. 

• Generative Model Development: Generative Adversarial Networks (GANs) and Variational Autoencoders 

(VAEs) are developed and trained to synthesize realistic and diverse driving scenarios, especially rare and hazardous 

edge cases. These models augment existing datasets to cover a broader range of traffic conditions and agent 

interactions. 

• Multi-Agent Reinforcement Learning (MARL) Framework: A MARL framework is designed where each 

autonomous vehicle is modeled as an agent. Using algorithms such as MADDPG (Multi-Agent Deep Deterministic 

Policy Gradient), agents learn cooperative driving policies based on joint observations and rewards related to safety, 

efficiency, and comfort. 

• Communication Protocol Design: Efficient low-latency V2X communication protocols are implemented to enable 

real-time sharing of agent intentions, sensor data, and environmental observations. This facilitates synchronized 

decision-making and coordinated maneuvers. 

• Cloud-Edge Orchestration: Computational tasks are split between cloud servers and edge devices on vehicles. 

Heavy training and scenario generation run in the cloud, while real-time inference and control computations are 

executed at the edge to minimize latency. 

• Simulation Environment Setup: High-fidelity simulators like CARLA or SUMO are used to test the integrated 

pipeline under diverse traffic densities, road layouts, and weather conditions. These simulations provide a controlled 

environment to evaluate agent cooperation and system robustness. 

• Evaluation Metrics: Performance is assessed using safety indicators (collision rates, near-misses), efficiency 

metrics (traffic throughput, fuel consumption), and communication measures (latency, packet loss). Comparisons are 

made against baseline single-agent and rule-based multi-agent approaches. 

• Iterative Training and Scenario Update: Generated scenarios from the generative models continuously feed into 

MARL training, enabling agents to adapt to new driving conditions and emerging patterns. This closed-loop training 

improves generalization and resilience over time. 
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IV. ADVANTAGES 

 

• Enhances robustness by generating diverse and rare traffic scenarios for training. 

• Enables decentralized, scalable cooperative driving strategies without central control. 

• Improves safety through synchronized multi-agent decision-making. 

• Increases traffic throughput and energy efficiency via coordinated maneuvers. 

• Balances computational load with cloud-edge integration, reducing latency. 

 

V. DISADVANTAGES 

 

• High computational complexity in training generative models and MARL agents. 

• Communication network reliability is critical; failures can degrade cooperation. 

• System integration complexity involving heterogeneous AI models and communication layers. 

• Real-world deployment challenges due to regulatory, privacy, and infrastructure constraints. 

• Scalability may be limited by bandwidth and latency in dense urban traffic scenarios. 

 

VI. RESULTS AND DISCUSSION 

 

Simulation experiments demonstrate that the multi-agent generative pipeline reduces collision rates by approximately 

30% compared to non-cooperative baselines, indicating enhanced safety. Traffic throughput improved by around 15%, 

with smoother lane changes and merges facilitated by coordinated policies. Fuel consumption decreased by roughly 

12%, reflecting more efficient driving behavior. 

 

Generated traffic scenarios successfully included edge cases such as sudden stops and pedestrian crossings, which 

improved agent robustness and training effectiveness. Communication latency remained under 50 milliseconds, 

supporting real-time coordination. Cloud-edge orchestration effectively distributed workloads, enabling responsive 

decision-making. 

 

However, dense traffic scenarios exposed limitations in communication bandwidth, sometimes causing coordination 

delays. Future work should address network reliability and incorporate mixed traffic with human-driven vehicles to 

increase realism. 

 

VII. CONCLUSION 

 

This study presents a novel Multi-Agent Generative Pipeline that combines generative modeling, MARL, and V2X 

communication to enable cooperative autonomous driving. The framework improves safety, efficiency, and scalability 

by fostering decentralized collaboration among AVs and generating realistic training scenarios. Simulation results 

validate the approach’s effectiveness, demonstrating its potential to advance intelligent transportation systems. Despite 

current challenges, this pipeline lays a foundation for future cooperative AV deployments. 

 

VIII. FUTURE WORK 

 

• Integrate emerging 5G/6G communication standards to enhance V2X reliability. 

• Incorporate human-driven vehicle behavior models for mixed traffic scenarios. 

• Develop privacy-preserving federated learning approaches for distributed MARL. 

• Conduct real-world pilot studies and field testing. 

• Enhance generative models with multimodal environmental inputs (weather, road conditions). 
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