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The variable reluctance energy harvester

converts wheel rotation into electrical

energy to support the autonomous

operation of the UC6 Smart WSN node. The

harvester is designed for rotating bearing

environments, where wiring and battery

replacement are impractical. Its output is a

variable AC signal whose voltage and

frequency depend on rotational speed. This

energy is then delivered to the power

management module for conditioning,

storage and supply to the system.

Laboratory tests showed power generation 

above 800 mW at nominal conditions, 

supporting a positive energy balance for 

low-power bearing monitoring.
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Use Case 6: Condition Monitoring of EVs 

Using Low-Power Smart Bearings

Use Case 6 (UC6) focuses on low-power bearing condition monitoring for industrial vehicle applications. The use case addresses the challenge of monitoring bearing health in rotating, space-

constrained environments, where access, power availability, and maintenance effort limit conventional monitoring solutions.

The proposed approach combines vibration and temperature sensing, local edge-based anomaly detection, and rotational energy harvesting to support long-life smart bearing monitoring. By

processing data locally and transmitting only relevant condition information, the solution reduces communication needs and energy consumption while enabling early detection of abnormal

bearing behaviour.

1. Introduction

2. Modular System Architecture

UC6 follows a modular Smart WSN architecture designed for bearing condition monitoring

in rotating industrial machinery. The system is organized around interconnected

submodules that separate sensing, edge processing, energy harvesting, power

management and communication functions.

The sensing submodule, or motherboard, acquires vibration and temperature data close to

the bearing and coordinates the node operation through a low-power MCU. Edge

processing enables local anomaly detection, reducing the need to transmit data

continuously. Power is supplied by a variable reluctance energy harvester, whose output is

conditioned by the power management unit and stored in a secondary battery. Based on

the available energy and operating state, the WSN can adapt sensing, processing and

communication activity to support long-life operation.

3. VREH Energy Harvester

4. Power Management Module

5. Sensing and processing modules
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The sensing module has a 3-axis MEMS accelerometer and a temperature sensor. Each

monitoring cycle, the WSN reads the RPM from the power management module, reads the

temperature, and captures a 2 s acceleration window at 3.2 kHz generating X/Y/Z vibration

signals. These data is processed locally in the AI accelerator. This module, also known as

Fibonacci, is a low-power edgeML ASIC implemented in 22 nm technology that integrates a

RISC-V MCU, a Smart Feature Extractor and a FETA AI accelerator optimized for temporal

signal analysis using neural networks.

Main Building Blocks

▪ VREH Energy Harvester: generates

electrical energy from wheel rotation.

▪ Power Management Module: conditions

harvested energy and manages

storage/supply.

▪ Sensing Module: acquires vibration and

temperature data and coordinates node

operation.

▪ AI + Communication Module: supports

edge intelligence and wireless data

transmission.

▪ Gateway / Monitoring Platform: receives

selected condition information for storage

and visualisation.

Figure 6: Anomaly scoring visualisation during validation experiments

The embedded processing chain first extracts 13 vibration features from the time and

frequency domains. The resulting feature vector is scaled to the [0, 1] range and used as

input to an embedded autoencoder. The autoencoder is a semi-supervised model trained

with normal bearing behaviour. It reconstructs the input feature vector. The reconstruction

error (MSE) is used as an anomaly score: values above a calibrated threshold indicate

abnormal bearing behaviour.

The final output is a compact bearing health indicator, together with selected features and

status information, instead of the raw vibration waveforms.

• Performs rectification 

of AC input

• Impedance matching

• Maximum Power Point 

Tracking

• Battery management

• Regulated 1.8 V  to 

supply the IoT Node.

• Communication with 

the motherboard 

Conditions the VREH output and

provides a regulated supply for the

UC6 Smart WSN node.
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