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SOLEIL Upgrade



⚫ Storage ring 354m, 2.75GeV

⚫ 29 beamlines

⚫ 9 orders of magnitude in energy                                                 

from far IR to hard X-rays

⚫ Open to external users in 2008

⚫ ~ 450 staff members

⚫ in 2022 :~ 2746 single users

SOLEIL

• SOLEIL in a Nutshell

• SOLEIL II, Science Drivers 

⚫ Major upgrade of the accelerators and beamlines addresses new scientific and societal 

challenges.

⚫ The upgrade will bring the unique range of SOLEIL techniques to unprecedented 

spatial and temporal resolutions.

⚫ Timeline



SOLEIL Upgrade

• Better performances for accelerator and 

photon sources:
• Reaching an emittance < 100 pm.rad.

• Keeping the same electron beam energy : 2.75 GeV

• Preserving a maximum current of 500 mA

in the multibench mode.

< 10 mm x 10 mm

Beam SIZES

Brightness

• New access mode with more efficient use of 

the SOLEIL Beamlines

• Green infrastructure

• Reduction in the facility 

environmental footprint.

• Lower power and water

consumption.

• Reduce operational cost. 



Control intgrated in a global IT approach



Overall IT and data Managment stategy

• To improve the user journey.
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TDR, IT and data managment program

• Transvers program of SOLEIL upgrade to support accelerators and beamlines program

• Transversal cross-disciplinary organization involving accelerators, scientific and computing teams.

• Program manage by a steering committee which report to SOLEIL’s board Directors.

• 6 workpackages lead by pair. 38 sub-tasks addressed to improve organisation, control architecture,
future operation, Data acquisition, User experience improvement, New Data processing including AI.



Towards integrated IT and data managment infrastructure 

• Automated data managment

process

• Automated and integrated

pipeline between control-

acquisition and data processing

• Towards autonomous system



On going work on control systems

Sampling of diverse work in progress …



Upgrade software factory

C++

•466 projects

•3 packages

Java

•76 projects

•16 packages

Developers Source code Binaries Packages Acceptance Control system

code build release deploytest

2 Software factories

Short term

• Replace Maven by Conan for C++

• Migrate to 64-bits binaries as standard for C++

• Support of C++11 and above

• Migrate to latest LTS OpenJDK (OpenJDK 11 and 17)

• Include code analysis tools and testing tools

• Update software factory components

Future

• Support of future platforms and newest standards

• Extend CI/CD to other developments: python, embedded 
software

• More automation in deployments



Upgrading the Archiving System

Hardware Systems

TDB

Short-term & Fast 

archiving

>100ms période

SNAP

On demand archiving

Compare and reload

functionalities

Archiving DataBase
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TANGO 
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➢ Improving Database (DB) management towards SOLEIL II

– Maintaining the existing Archiving System operational

– Managing its obsolescence (architecture, Java Swing) & will to get rid of Oracle DB

➢ Expected on accelerators for SOLEIL II

– 10 times more data, 10 times faster collection

– Longer term data retention 

– Main sources of data: BPMs, BLMs, power supplies, post-mortem systems, Feedback  

Systems, 2D images, pulsed magnet signals

➢ Ongoing work 

MOC
• Managing servers end of life, end of Oracle licenses renewal, optimized

and improved archiving monitoring and maintenance of TANGO devices

R&D

➔ To update HDB /TDB with timeseries DB including new web architectures

for operation.

• Timescale (timeseries extension for PostgreSQL) tested and chosen after 

sharing experience with ESRF and others.

• Knowledge developed ; Tests on the Accelerators have allowed to validate

the choice before extending implementation.

• Implementation in progress
12



Web base architecture for DashBoard and Machine Status

HDB 

machine

Web API

GraphQL

Front-end

Web architecture 

Machine 

Status

Grafana

Back-end

Web architecture 

Dashboard for insertion device monitoring

➢ Ongoing work

– Survey to refine requirements

– Mapping existing tools

– Prototyping WEB-based architecture on top of Archiving 

System
• Microservice: API GraphQL to extract data

• Grafana

• WEB technology Framework React.JS for web HMI

– Successful tests with great interest from accelerators teams

– Packaging in progress for an operational implementation

– Studies to include security management, high-availability 

operation and microservice architecture
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OPCUA & TANGO 

❑ Case 1: PLC with embedded OPCUA

Server

• OPCUA protocol replaces

‘PLCServer’ and PLC protocols

• Unique device server OPCUA

❑ Case 2: distribute data from a third-

party software

• Current use case at SOLEIL

regarding the upgrade of the

cooling station (Honeywell or

PANORAMA Supervision)

protocol
protocol

Protocol

with ‘event’ 

feature

OPCUA 2Tango 
OPCUA server integrated in 

Panorama Supervision SoftwareSchneider M580 PLC

TangoOPCUA

DS

Event viewer 

DS

Event viewer 

DS

Event viewer 

DS

Parts provided under private contract
for new Cooling station

OPCUA more and more available with number of hardware and industrial software



6 axis Robot Standardization

This standardization defines a robotic standard (6 axis robot arms) on both

hardware and software.

Hardware

Brand: Stäubli

Controller: Cs9

Software

C++ Library

• Link between the Cs9 controller and Tango

Generic Methods: 

• Genetic attributes and commands 

Specific Methods

• Application-specific tasks.
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NANOSCOPIUM  Beamline Automation

Stäubli TX2-160 Robot Motorized Translation Detector Tool:

• Merlin Detector

• Safe collision sensor

• Pneumatic rotation

A robot to automate the 

3D positioning of a 

detector without human 

intervention

inside the hutch. 

• The distance of the detector to the sample ranges from 50 

cm to 555 cm.

• The maximum value that the detector can move once it is in 

the desired position is ≤ 0.01 mm over a period of 48 hours 

!.

➢ Nowadays the accuracy of the detector in the whole robot 

workspace ranges from ±0.18 to ±0.26  mm in cartesian 

position and ± 0.5° in angular position.

Under commissioning!

Scanning X-ray Diffraction Microscopy

det—sample distance : 500 mm

28 mm

Pixel : 55 um

det—sample distance : 3700 mm
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NANOSCOPIUM  Beamline Automation
Scan Modes

Move 
robot/detector 
to acquisition 

point

Start of data 
acquisition

End of data 
acquisition

Move robot to 
Parking 
Position

Sphere  Scan (radius = 500 mm)

Move 
robot/detector to 

the initial 
acquisition point

Data acquisition
Move robot to the 
next acquisition 

point
Data acquisition

…
Move robot to the 

last position
Data acquisition

Move robot to 
Parking Position

Step By Step Scan 

For each trajectory point

Trajectory points:

(h,k,l)

or

(r, γ, δ)

Check if the trajectory 
is accessible by the 

robot

min_γ, max_γ,

min_δ, max_δ,

increment_ γ, increment_ δ

Two modes of scan:
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✓ Automatic switch from 6 axes 

robot  to HPLC* system.

✓ Up to 384 samples.

✓ Robot cycle time for the 

whole process: 1 min 

targeted.

✓ Commercial off-the-shelf 

programmable pipettes.

✓ Camera and laser to 

measure  the position of the 

experimental measurement 

cell.

✓ Automatic tool changer 

between the sample pipette 

tool, the cleaning tool and the 

HPLC system tool.

HPLC*: High Pressure Liquid Chromatograpy

SWING Beamline Automation
Pipetting robot for BioSAXS experiments

Sample Injection: 
picking pipette tip, picking 
sample, sample injection, 

pipette tip removal

Experimental cell 
cleaning: picking pipette 

tip, picking washing and 
rinsing solutions, solutions 

injection 



➢ Robotisation: part of a roadmap for machine and beamlines. Based on STAUBLI robots standardized in 2019

➢ Included in global automation strategy under development in IT and Data management program 

➢ Measurement bench complementary from the one developed in 2021

Robotizing magnet modules measurment bench for Insertion devices

19

Magnetic field 

measurement with 

hall probe

Magnetic  

correction

Tool Calibration on 

an external reference

Pole and magnets’ 

height measurement 

with laser sensors

Height adjustment 

with screw drivers

Mechanical 

correction

Mechanical and magnetic correction of the super magnet modules

Screwdriver

Magnet  

supermodules

Laser sensors

Include automatic tool changer between screedriver and hall probe

Control and insertion Teams



conclusion



Continuous Digital Transformation :A more complex IT future

Control Systems Quality Tools Users & 
Projects

FAIR Data 
Policy

Data 
Processing

Sample Life 
Cycle

e.g
.

Present Future

• Cross-functional processes

• Digital everywhere

• Heterogeneous

• Siloed solutions
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SOLEIL IT Urbanization

22

PLUSS Project : Federating the IT systems by "standardizing" exchanges, taking into account

the existing solutions and making easier the integration of new services

➔ End of 2022, 1st implementation for exchanges between Incident Management Tool (JIRA) and CMMS (MAINTIMEDIA)

➔ 2023 : 

✓ Sample Lifecycle: specifications in progress considering outputs of Digital LEAPS/STARS project

✓ Data Catalog: SciCat integration to PLUSS



Towards SOLEIL II

• Accelerators program

– FOFB upgrade ongoing (Based on ChimeraTK from DESY MSK team)

– Power supplies control based on FGC from CERN

– On going discussion to identify new requirements

• Infrastructure program

– GTC of the new cooling station on going

– Beginning of Dismantling discussions 

• Next steps – Evaluation, Development or improvement -

– Taurus considered for HIM

– Tools to enhance automation in the data-driven strategy.

– Integrate control system in the microservice strategy.

– Improve Systems and data interoperability.

– Application using advanced technology for control and operational business.



Architecture and technology Transformation 

complexity/reliability/maintenability

Collaboration 

Strong community

Daily operation

Upgrade project



Thank you !


