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Abstract: Sensor networks generate vast amounts of data in real-time, which challenges existing predictive
maintenance frameworks due to high latency, energy consumption, and bandwidth requirements. This
research addresses these limitations by proposing an edge-cloud hybrid framework, leveraging edge devices
for immediate anomaly detection and cloud servers for in-depth failure prediction. A K-Nearest Neighbors
(KNNs) model is deployed on edge devices to detect anomalies in real-time, reducing the need for
continuous data transfer to the cloud. Meanwhile, a Long Short-Term Memory (LSTM) model in the cloud
analyzes time-series data for predictive failure analysis, enhancing maintenance scheduling and operational
efficiency. The framework’s dynamic workload management algorithm optimizes task distribution between
edge and cloud resources, balancing latency, bandwidth usage, and energy consumption. Experimental
results show that the hybrid approach achieves a 35% reduction in latency, a 28% decrease in energy
consumption, and a 60% reduction in bandwidth usage compared to cloud-only solutions. This framework
offers a scalable, efficient solution for real-time predictive maintenance, making it highly applicable to
resource-constrained, data-intensive environments.
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