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Clemens Saur, NeuroControls GmbH, Germany

Self-Powered Vibro-Acoustic Micro-Edge Condition Monitoring. 

Journey and Roadmap.
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Self-Powered Vibro-Acoustic Micro-Edge Condition Monitoring. Journey and Roadmap.
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Introduction (Mobile Micro-Edge Sensors)

❖ Mobile Edge Sensors are typically batter operated.

❖ Batteries have limited Lifetime

❖ Regular Maintenance Cycles become Battery Replacement Cycles

❖ Mobile Edge Sensors shall be Cheap, Easy to Install, with Endless Life 

❖ Edge Computing Power is typically small

❖ Data Communication Power requirements are typically high

❖ Passive Mobile Edge to Active Infrastructure Communication tremendously reduces 
edge sensor power requirements, lowers costs, and increases lifetime, and could 
make low power energy harvesting feasible.
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State-of-the-art (Vision)
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❖ Too Expensive

❖ Too Complex

❖ Huge Deployment

❖ Difficult to Retrofit
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State-of-the-art (Requirements)
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User Req’t ID KPIs Targets

UR1: Primary Targets

UR2: Edge Sensor

UR3: Edge Gateway

UR4: Perf. Evolution

UR5: Trend & Alerts

UR6: Critical Events

1: Autonomous
Energy Lifetime: 30 years
Edge Computation: Must
Cloud Confirmation: Should

2: Defect Detection

Flat Spots: Multiple
Flat Spots Size: Must
Large Bearing Defects: Must
Small Bearing Defects: Must
Derailment: Must

3: Cost Effectiveness
50 EUR per Axis: Max
20 EUR per Axis: Target

4: Functional Safety
Weekly: No Motion
30m: Alive + Changes
6s: Derailment

5: Fire Safety ATEX: Must

6: Security Attack Should

7: COM Coverage
Train (Derailment) 
Health (Network)

8: E2E Delay < 6sec

System Requirements Implementation

SR01: Lifetime Operation Must

SR02: Connectivity Frequency Should

SR03: Connectivity Coverage Could

SR04: Edge Storage Could

SR05: Multimodal Connectivity Could

SR06: Monitoring Resolution Could

SR07: Monitoring Capability Must

SR08: Cloud Defect Validation Could

SR09: Gateway Defect Validation Could

SR10: Security (Phishing) Could

SR11: Security (Listening) Could

SR12: Security (Flash) Should

SR13: Security (Commanding) Should

SR14: Data Encryption Could

SR15: Functional Safety Should

SR16: Fire/Explosion Safety Must

SR17: Low Radio Latency Could

SR18: IP Connectivity Should

SR19: Communication Load Optimization Could

SR20: OTA upgradeability Could

SR21: Extended Satellite Coverage CouldNot Compatible with Cost Targets
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State-of-the-art (Over-Engineered Target Solution)
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…

Edge
Gateway

Edge
Monitor

Healthiest
Node

Edge
Gateway

Edge Sensors Edge Sensors Edge Sensors Edge Sensors Edge Sensors Edge Sensors

LORA MESH LORA MESH

BLE MESHBLE MESH BLE MESH

GSM Tower

Edge Sensors Edge Sensors Edge Sensors

Power LoRaWAN NB-IoT
TX Current 24-44 mA 74-220 mA
RX Current 12 mA 46 mA
Idle Current 1.4 mA 6 mA
Sleep Current 0.1 µA 3 µA

Edge Sensor Power Consumption

NG Points: Low Cost & Lifetime +12yr with small ATEX Explosion Safe Battery
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Future State-of-the-Art (Low Cost • Use Case Fusion)
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Check Point
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Asset Tracking via Secure VHF Blockchain Tag
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70% Edge Sensor Power Reduction
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Methodology
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Expected Impacts – Rail Health

❖Model Based Condition Monitoring is computing efficient and runs on small ARM cores.

❖ Small Arm Core Applications are Energy Efficient and don’t require large peak currents.

❖ COM is never energy efficient. Range is luxury. Peak currents kill battery life-time. 70-95% energy wasted on COM.

❖ End-User ≠ Gateway. Gateway ➔ Centralized Database ➔ Connected End-User requires E2E infrastructure.

❖ Condition Monitoring: Sensor  Infrastructure ➔Warning is a “Box in 1” approach and not E2E dependent

❖ Logistic Tracking: Infrastructure ➔ Tag  Infrastructure is efficient for Supply Path & Supply Position tracking

❖ Infrastructure based Data Logging beats Mobile based Data Logging in acceptance and robustness

❖ 2 in 1: Fusion Use-Cases spreads operating costs to improve business case breakeven

❖ Battery reduction reduces cost, size, and ATEX (Explosion Compliance)
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Implementation – Edge AI Research Grant
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Classification

STFT + Peak
Sensor

Divers

Data
Clusters

Filtering

Sampling

OK/NOKNFC ReaderGo/No Go Launch Pad Visualization

Drone Pre-Flight Rotor Condition Check via Body-Mounted Micro Edge Sensor – Motor Vibration/Elecro-Magnetic Flux

NFC Tag
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Expected Results
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2025
❖ Basic: Edge Platform with Passive VHF Chip ➔ Active VHF Antenna / Infrastructure Communication

❖ Basic: Neuromorphic Condition Monitoring Classification
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Future Research
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Shrink/replacement of primary energy source with longevity energy harvester
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Conclusion

Scaling Edge Computing requires reliable and cheap sensors.

Ease of Installation • Zero Maintenance • Endless Lifetime • Low Initial & Operating Costs

Current solutions tend to be specialized, system critical, and expensive

NeuroControls aims to make vibro-acoustic micro-edge sensors 

self-powered and cost efficient 

Step 1: Reduce Energy Consumption

Step 2: Apply Cost Effective Longevity Energy Harvester
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Name.Name@name.eu

Thank You
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EAI
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Driving Next-Gen Edge AI Technologies Workshop 
Munich, Germany, 17 January 2024

https://www.hipeac.net/2024/munich/#/program/sessions/8129/

The Workshop on Driving Next-Gen Edge AI Technologies is part of the HiPEAC 2024 Conference held in Munich, Germany. 

The workshop is co-organised by large-scale Chips JU EdgeAI, ANDANTE, REBECCA, CLEVER, NEUROKIT2E and Horizon 
Europe dAIEDGE projects to exchange ideas for providing a set of reference comprehensive benchmarking solutions by 
bringing together a diverse community of experts, researchers, and industry leaders to collectively tackle the intricacies of 
benchmarking in edge AI.
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Workshop Objectives
o To address the latest developments in the implementation 

of edge AI technologies and present and discuss the 
advances in intelligent embedded devices across the edge 
AI computing continuum from micro- to deep- and meta-
edge. . 

o To advance the field of smart embedded devices by 
systematically evaluating and comparing technologies for 
edge AI.

o To identify the needs and current issues hampering the 
benchmarking of edge AI systems and develop 
methodologies and tools to enable fair and reliable 
verification, validation, testing and performance 
assessment across various use cases and domains.

o Th event plans to address these challenges head-on, 
bringing together a diverse community of experts, 
researchers, and industry leaders to collectively tackle the 
intricacies of benchmarking in edge AI.
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Projects Involved

18

dAIEDGE is the European Network of Excellence for distributed, trustworthy, efficient, and scalable AI at the Edge and 
promotes the application, development, and deployment of Artificial Intelligence (AI) on edge computing platforms. 

NEUROKIT2E (Open source deep learning platform dedicated to Embedded hardware and Europe) proposes a Deep 
Learning Platform for Embedded Hardware around an established European value chain (AI HW/SW). The solutions 
developed support neural network design, optimisation, and implementation on constrained HW. 

NEUROKIT2E

ANDANTE leverages innovative HW solutions to build strong HW/SW platforms for artificial neural networks (ANN) and 
spiking neural networks (SNN) processors for future edge computing products, combining extreme power efficiency with 
robust neuromorphic computing capabilities and demonstrate them in key applications. www.andante-ai.eu 

EdgeAI (Edge AI Technologies for Optimised Performance Embedded Processing) develops new electronic components 
and systems, processing architectures, connectivity, software, algorithms, and middleware through the combination of 
microelectronics, edge AI, embedded systems, and edge computing. www.edge-ai-tech.eu 

REBECCA (Reconfigurable Heterogeneous Highly Parallel Processing Platform for safe and secure AI) aims to democratize 
the development of edge AI systems and create a complete hardware and software stack centered around a RISC-V CPU, 
which offer higher performance, energy efficiency, safety, and security than existing systems. www.rebecca-chip.eu  

CLEVER (Collaborative edge-cLoud continuum and Embedded AI for a Visionary industry of thE futuRe) proposes 
innovations in hardware accelerators, design stack, and middleware software that revolutionize the ability of edge 
computing platforms to operate federated, leveraging sparse resources that are coordinated to create a powerful 
swarm of resources. www.cleverproject.eu   

Chips Joint Undertaking supports research, development, innovation, and future manufacturing capacities in the 
European semiconductor ecosystem. Launched as part of the Chips for Europe Initiative, it confronts 
semiconductor shortages and strengthens Europe's digital autonomy, engaging a significant EU, 
national/regional and private industry funding of nearly €11 billion. www.chips-ju.europa.eu 

http://www.andante-ai.eu/
http://www.edge-ai-tech.eu/
http://www.rebecca-chip.eu/
http://www.cleverproject.eu/
http://www.chips-ju.europa.eu/
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