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Overview

Beneficiaries

• ESS

• RTU

Additional participants 

• CosyLab – via subcontract from 
ESS

• SNS/ORNL – collaboration

Part 1

• Duration: 18 months

• Milestone: MS48 ML model 
selection and implementation 
plan; Report due month 18

Part 2

• Duration: 18 months

• Deliverable: D10.5 Technical 
Report on machine learning at 
ESS – Evaluation and 
verification results, 
architecture of the final 
implementation, and achieved 
performance at the ESS 
facility; due month 34
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Mission: Develop low-latency Machine Learning (ML) 
techniques to improve performance and availability of 
high-power facilities at the intensity frontier.
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ESS as participant and 

demonstration platform
• Construction/Commissionin

g phase

• FPGA-based diagnostics

• Low latency 

communications

• Most similar to SNS linac

at ORNL 

• > 1 decade of operational 

data

• Active machine learning 

project

Ion 

Sour

ce

Target

75 keV

3.6 MeV

90 MeV

216 MeV

571 MeV

2 GeV, 5 MW, 2.86 ms, 14 Hz

Key Staff

• Diagnostic scientists

• Data manager

• FPGA engineers

5/4/21 Shea - 10.6: Machine Learning Techniques for Accelerator and Target 

Diagnostics - I.FAST kickoff
3



RTU as participant

• Support programming and 
implementation of the system

• Faculty of Computer Science and 
Information Technology will 
directly contribute with its 
expertise in AI, ML and FPGA

• It is planned that RTU will 
contribute with one full-time 
master level student, who will 
be made available for work at 
ESS – co-financed by I.FAST

• RTU will ensure supervision of 
the student at senior-researcher 
/ professor level – bearing the 
costs
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Strength in ML, low latency applications like robotics



Part 1. The Data

5/4/21

Example SNS data record (beam current difference) NeXus data format (ESS diagnostics data)

Develop Data Exchange 

Standard base on NeXus*

Assess the predictive 

capabilities of several 

ML algorithms trained 

and evaluated with: 

• operation data from 

SNS (USA, 13 years of 

operations data)

• commissioning data 

from the ESS

• simulation results

*https://www.nexusforma

t.org
"But first, we must have the data" – C. Saltmarsh, c. 1993
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Part 2. The Demonstration

Acquisit

ion

Analysis

FPGA platform

Single-sensor 

functions

Continuous buffering

Synchronization

Network, Gigabit/s

Acquisit

ion

Acquisit

ion

Data classification
Anomaly detection

Multi-sensor algorithms

Ongoing machine 

learning 

activities at this 

level

Linac

Actuator

s

Low latency, Terabit/s

trigger trigger Intelligent

trigger
Beam

permit

Implement on a Field Programmable Gate Array (FPGA)-based systems at the edge of the ESS 

technical network
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Task 10.6 is focused 

here
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