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Abstract: Federated Learning (FL) faces challenges in scalability, spatial data modeling, and fault tolerance. This research integrates two approaches: a Multi-Tier FL framework
for spatial data aggregation and a Multi-Global Server FL architecture for enhanced fault tolerance. Experiments on greenhouse gas emissions and EV energy consumption
datasets show improved predictive accuracy (up to 89.52%) and resilience against server failures. These findings demonstrate the potential for optimizing FL in geospatial
analytics and decentralized applications.
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Methodological Equations Fig 1. Multi-Global Server Architecture
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In Figure 1, we propose a Multi-Global Server Architecture, integrated with a Multi-Tier

Aggregation mechanism with a spatial encoding scheme. We tested our approach with 9 _ _ ,
client devices and present the training loss in Figure 2. Figure 3 compares the loss Table 2. Comparison of Accuracy: Energy Consumption Datal?!
convergence of the global model in our setup against a single-tier setup. Lastly, Figure 4
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We provide a comprehensive comparison of different Federated Learning (FL) approaches nggrz 81.44 86.99 77‘ 29 89.39
for gas emission and energy consumption datasets in Tables 1 and 2 respectively. Our N- - ' ' : '
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tier encoded FL consistently achieves higher accuracy, demonstrating the benefits of
spatial attribute encoding.
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Conclusion

Our combined approach enhances federated learning's effectiveness in handling spatial data and mitigating single-server fault-tolerance. The Multi-Tier FL framework improves predictive accuracy
by encoding spatial attributes, while the Multi-Global Server architecture ensures robustness against communication failures. Future work will focus on refining model generalization, integrating
temporal factors, and optimizing aggregation strategies for diverse datasets. This research paves the way for scalable, resilient FL applications in geospatial analytics and smart infrastructure.
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