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112 participants, after Covid –
Very good response from the 

community!
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4 Breakout sessions

• Fault tracking

• Software Reliability (formal methods, peer reviews, 
PLCverif, etc.)

• Inflation in cost and supply chain times and impact on machine 
reliability and availability

• Machine Learning



Inflation Cost
• Long delay, lead time

• FPGA (1.5y)
• Quotation 

• valid for a single day (price of the day),
• Valid for a time period shorter that the time for purchasing policy in the laboratory

• Buying on Ebay, online broker
• Redesign electronic board with available electronic components
• Downgraded performance ?
• Extension of the lifetime
• Diversification an increase of the number of suppliers
• Standardization between labs
• Education and training about Risk Management
• Spending more time and effort for sustainable design and operation



Many in-house developed tools

Community willing to share experience

Statistics – to what extent are they used by management to drive investments?

Fault tracking panel, R. Giachino

Fault tracking...a popular topic

Convergence of operations and equipment experts viewpoints



World-wide shortage of supplies – how to 
manage them? What is the impact?

Complex cryogenic systems, a vital 
infrastructure

Continuous upgrade of power 
supplies to increase availability

A high-impact system – preventive maintenance is key

Accelerator Support Systems, K. Genge



Liquid Helium Supply Challenges

In 2022, TRIUMF was restricted to 75% of what we ordered
in 2021

- Reduce consumption
- Improve measurement system along the distribution 

system
- Education and Training of the Cryo staff and users
- Closed circuit System (<10% consumptions)
- Recovery System for GHe (goal: >80%)
- Low consumption Design
- Increase the storage capacity (GHe, LHe)



“Whatever complicated system/tool/process is in place, make sure 
that the staff dominates it and not the other way around”

Database for the assets management (lifecycle tracking, 
spare part management and maintenance record)

Maintenance and Obsolescence, L. Nadolski

“Lacking of specifications will lead to vexations”

“Temporary fixes become 
permanent problems”



Lots of great work in different 
facilities, a very promising start!

Sustainable machine learning: data management, model 
management, deployment

Machine Learning for Reliability, R. Giachino

Interest to develop a ML network across facilities

How to make the transition to operational tools?



Machine Learning (I)
• Uncertainty Aware Anomaly Detection to Predict Errant Beam Pulses and GradCAM
Analysis

• Uncertainty Quantification (UQ)
• How to make DL more reliable ?
• How to know the confidence of an output ?
• Surrogate Model, Gradient Class Activation Mapping (GradCAM),  SNN (Siamese Neural 

Network), Deep Gaussian Process Approximation (DGPA)
• Classification, Confusion Matrix

• Tuning with DL: using Graph Neural Network (GNN), latent space

• Using ML in automating processes
• Using best practice from the industry world



Machine Learning (II)
• Major discussion points

• Use cases with a potential added value of ML 
• System Hidden variables
• High degree of freedom system
• Speed-up process

• Assisting (supporting) and automation, the operation, the measurement
→ augmented operation

• Permanent Resources in ML experts
• Guidance
• Training
• Difficult step to go from the Proof-of-Concept to Operation
• Maintability of ML applications
• Use of Digital Twin
• Identifiying right use case for learning: from simple to complex problem to solve



Robotics for harsh environments, custom solutions

Open hardware platform for collaboration

How to deal with electrical network perturbations, 
importance of UPS coverage

Reliability in Harsh Environments, D. Newhart

Effect of atmospheric conditions on performance: cost effectiveness of system 
upgrades to be demonstrated and compared to alternative solutions (e.g. temporary 

power reduction)







Moving to Smart IoT Accelerators

• Industry 4.0 Boosting
Reliability in Particle
Accelerators

• Use of IoTs
• Data driven reliability
• Robotics and AI

• From wired based to 
wireless based 
infrastructure

• Industry is moving towards 
wireless technologies for:

• Asset management and 
tracking

• Production and machine 
monitoring, maintenance and 
improvement 

• Interconnected supply chains

• Ground
• Tunnel applications

Radiation tolerant IoT 
hardware platform 

developed at CERN

• The impact on:
• Costs reduction
• Higher efficiency
• Data consistency



Preventive maintenance for complex systems: 
not always the solution!

Condition-based maintenance is the future (?)

Invited speakers

Mission-critical systems: formal studies are mandatory, 
involving hardware and software



Is our Maintenance Policy Well Adapted to 
Light Sources?
Enlightening talk by Prof. Resit Unal (Univ. Old Dominion, USA)

Random errors are not impacted by preventive maintenance
Complex system are more sensitive to random failure and less to wear-out failure

Power System Reliability and Maintenance Evolution:

A Critical Review & Future Perspectives, M.S. Alvarez-Alvarado et al. (2022)

Paper presents a comprehensive review of advances in maintenance
strategies and system reliability for power systems (PS). 

It details existing approaches for PS maintenance planning, and provides definitions, models, methods, and 
maintenance policies.

286 References provided.

From Preventive to predictive maintenance
Data based maintenance: on-condition maintenance or CBM (Condition Based Maintenance) / P-F Curve
• Maintenance evolved into Asset Management. It consists in determining the best moment to maintain 

assets based on operating data.

• Reliability Based Smart Maintenance (RBSM) model.





Accelerators are different but all have stringent quality 
management guidelines

Reliability of medical facilities, K. Genge

Maintainability improvements: 
move to industrial solutions

Root-cause analysis for recurring issues, 
advanced diagnostics

Knowledge sharing in action - Japan has formed a group with 
members from all treatment facilities to improve machine reliability



Dedicated machine learning resources + domain experts required

Predicting, preventing and handling failures: from 
occurrence to recovery of operational conditions

“Don’t shy away from making applications in-house and 
automating procedures”

Predicting failure, A. Nordt

Towards implementation of ML models into 
operational settings

Reliability before design: formal RAMI studies to verify compliance to targets





Formal approach for integrity assessment of Beam 
Interlock System

Alarm system: an effective tool to support operations

New and innovative accelerator technology, M. Di Castro

Digital twins: a powerful tool for equipment 
design, operations, safety

Anomaly detection for High Converter Modulators using ML

Digital twins are dynamic: hybrid approach mixing Physical 
model / simulation data and Measurement data (deep learning)



Necessity of checks due to new devices, maintenance, upgrades

Fast, fail-safe, reliable, while avoiding 
false interlocks

Reliable Protection Systems, M. Carrol

Potential impact of vacuum failures on accelerator operation



MTBF improvement thanks to SW and HW upgrades + hot 
swappable systems

A bright future for 
SRF based high 
power hadron 

machines

Reliability considerations during commissioning and upgrade, K. Bagget

New machines: reliability considerations already during design 
phase (quality, standardization, maintainability)

Beam energy required by 
ADS-class machine 

achievable with existing 
SRF technology



Proceedings:

ARW 2022 :
https://indico.jlab.org/event/495/timetable/

Machine Learning November 2022:
https://indico.bnl.gov/event/16158/timetable/#20221101

Acknowledgement: Rossano Giachino

https://indico.jlab.org/event/495/timetable/
https://indico.bnl.gov/event/16158/timetable/


Workshops to Come
• WAO 2023

• 10 – 15 September 2023 Japan. 
Epochal Tsukuba International 

Congress Center
• http://wao2023.kek.jp/

• ARW 2024
• Lund, Sweden. Hosted by MAX IV and 

European Spallation Source

MAX IV ESS

http://wao2023.kek.jp/

