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Abstract 
SOLEIL [1] is a third generation Synchrotron source 

located near Paris, France. Today it delivers photon 
beams to 20 beamlines with a global reliability better than 
95%. We will describe the status of the installation and 
operation of the accelerator and beamline control systems. 
The status of motion systems, controls and data 
acquisition hardware will be given. All software 
development is based on the Tango framework, using it 
not only as a “ traditional”  control system but in a more 
general way as a service-oriented middleware 
interconnecting SOLEIL’s applications. We will show 
figures and examples of the TANGO software 
components developed and used. For the supervision 
layer, SOLEIL uses an industrial SCADA (GlobalScreen) 
as an integration tool for JavaBeans components 
developed with the TANGO ATK graphical framework. 
Supervision applications are the result of a collaborative 
work between “pure software developers”  and 
“occasional”  supervision applications developers. The 
work organization, software architecture and current 
status at SOLEIL will be presented. We will conclude 
with some statistics about the stability and quality of the 
control systems after three years of operation. 

HARDWARE STATUS 

Some reminders about our technical choices  
Our mission is to specify, design, implement and 

maintain the analog and digital electronic devices for 
machine and beamline control and acquisition. As far as 
possible, we are required to use standardized hardware 
components and methods for Machine control & beamline 
control. Likewise, integration of up-to-date commercial 
products and technologies must be preferred to 
development. 
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Figure 1: Hardware synoptic 

Industrial hardware components for SOLEIL 
control systems 

The standard hardware components selected for the 
Machine and the Experiments are industrial products 
adapted to SOLEIL’s needs. There are four groups of 
independent hardware devices: motion systems, cPCI 
systems, timing systems and PLCs.  

 

Figure 1: Installed hardware  
 

PLCs are dedicated to slow and safe applications such 
as vacuum, temperature and interlock. Over 180 Siemens 
S7-300 family PLCs are in operation today. Digital and 
analog inputs/outputs can be connected to PLC CPUs 
either directly or via Profibus fieldbus. The accelerator 
and beamline groups have developed their own PLC 
applications after a training period, and with help from 
the team and from Siemens support.  

We have developed a standard solution which is used to 
control 900 motors in accordance with the SOLEIL 
control standard: 4-phase bipolar stepper motors, absolute 
SSI or incremental TTL encoders. SOLEIL has developed 
three crates known as ControlBox, DriverBox and 
VacuumBox to supply standard packaging and connectors 
to industrial products, namely Galil DMC-2182 multiaxis 
controllers, Midi-Ingénierie and Phytron power boards. A 
kit of software utilities and a DeviceServer is available. 
Non-standard motors (brushless or ceramic, for example) 
can be controlled by adapting the standard solution if 
necessary. This solution gives full satisfaction to our 
users. Development of a driver unit called ServoBox for 
servo motors is under way in order to offer more services 
to our internal customers. 

CompactPCI systems are dedicated for fast and high-
performance applications. Each customized 6U crate 
contains two distinct CPCI buses which can receive 3U or 
6U boards. Our Inova CPU boards with a Pentium-M 
processor have been replaced by CPCI3920 ADLink CPU 
boards with a Core2 Duo processor. I/O boards and the 
associated software components are provided by ADLink 
and National Instruments. 153 CPCI systems are currently 
in operation. 



 

 

The timing system comprises one central system and 
several local boards. The central system generates clocks 
and data and broadcasts them to the local boards via an 
optical fiber network. Local boards are placed close to the 
equipment and provide delayed trigger signals. The 
delays can be precisely adjusted by the user, making the 
equipment synchronous with the electron beam moving 
inside the accelerators and storage ring. Many modern 
facilities, such as CEA’s MegaJoule Laser and the SLS 
synchrotron, have a similar timing system. SOLEIL uses 
the CEA’s solution. To meet our needs, a redesign of this 
system was undertaken by Greenfield Technology. 

Hardware developments for SOLEIL control 
systems 

Beamlines need to synchronize their acquisitions with 
flashes of light produced by bunches of electrons inside 
the storage ring. The acquisition frequency depends on 
the equipment frequency and SOLEIL filling mode 
(8 bunches, hybrid, etc.). The synchronization signal’ s 
jitter must be under 20 ps RMS to avoid missing flashes. 
The electronics group has developed a low cost and 
flexible CompactPCI synchronization board called 
TimBeL (Timing BeamLines). The TimBeL board uses 
the RF and storage ring clocks to provide low jitter, 
bunch-synchronous trigger signals. The board has its own 
TANGO device server developed in collaboration with 
the software group. This board is currently in routine 
operation on two beamlines. 

                      

Figure 2: TimBeL CPCI board 
 

Control of analog undulator devices is relatively slow 
and disturbs our users. We have therefore developed an 
integrated system based on a Profibus or Ethernet 
interface and an embedded microcontroller. Three boards 
(SPICONTROLER, SPIDAC and SPIADC) have been 
developed. These boards, which may be daisy-chained 
together, can be used to embed a sequence of simple tasks 
that we need to execute at a high rate (up to 100 kHz 
depending on the number of I/Os). This enables us to 
control main and secondary insertion power supplies 
faster and with the appropriate timing. At present the 

system is under test and should improve the time response 
of the insertion and guarantee better beam stability.  

Another extension of these developments, SPIETBOX, 
is used for calculation and processing of encoder signals. 
For instance it can translate the encoder protocol or 
trigger on a particular encoder position. This is a useful 
tool for continuous scan [2]. 
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Figure 3: SPI project architecture 

Some figures about Operation 

For operation we have defined procedures [3] and 
integrated them in our process management tools, 
including our Computer-aided Maintenance Management 
System (CMMS) and Concurrent Version System (CVS). 
These methods give us feedback on our work. Each year, 
800 to 900 tasks are performed by the electronics team. 
Our installed base is maintained at a high level of 
reliability: only 3.4% of our work tasks are failure 
corrections and each year only 1.5% of our devices 
required replacement. In 2008, only 0.02% of Machine 
breakdowns were attributed to control hardware items. 
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SOFTWARE STATUS 
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Figure 5: Software architecture 



 

 

Tango used as our enterprise middleware 
The TANGO software bus is of course used at SOLEIL 

as a control system for the Machine and the beamlines in 
operation. Moreover, Tango is used as a middleware in 
charge of connecting all applications at the institute level.  
Tango’s strength as an integration system makes the 
component-based vision we had in 2005 [4] a reality 
today. 

Tango deployment status 
23 Tango control systems are today in operation (i.e. 

with 24-hour on-call duty) at SOLEIL: one for the 
Machine, one for each beamline, one for software 
integration platforms and one for web applications.  

About 300 DeviceServer classes have been developed 
covering layers 1 to 3 described in Figure 5. 

For the Machine, 10000 devices have been deployed on 
about 150 hosts. “Small”  beamlines involve over 300 
devices running on 3 or 4 hosts; for more complex 
beamlines, these figures may be multiplied by a factor 
of 2. We can therefore estimate the total at around 20000 
devices deployed on some 250 hosts (Linux servers and 
CompactPCI crates). 

The choice of Java technologies for high level 
application development  
On top of Tango DeviceServer, for the so called high level 

applications, we tried to follow a service-oriented 
approach based on Java technologies and frameworks. A 

layered approach illustrated by Figure 5 enables the 
components developed to be shared and integrated [5]. 

Archiving service status 
The Tango archiving service maintains the archive history 
of the main accelerator and beamline control parameters, 
in order to be able to correlate signals or to get snapshots 

of the system at different times and compare them.  
This is achieved using four database services which have 

been developed and fully integrated in Tango:  
·  Historical database with an archiving frequency up to 

0.1 Hz, handling and storing 8000 attributes of the 
Machine in an Oracle database. 

·  Temporary databases providing only a few days 
retention but with a higher archiving frequency (up 
to 10 Hz), handling 6000 attributes for the Machine 
(in an Oracle database) and approximately the same 
numbers for all beamlines in local mySQL databases. 

·  Snapshot databases mainly used on beamlines.  
·  An alarm database gathering abnormal conditions on 

equipment enables the Machine Operation group to 
enhance Machine reliability. 

 

Sequencing and batch processing status 
To address batch processing and sequencing needs, we 

choose to integrate into Tango a tool known as Passerelle 
[7], a graphical environment in which sequences can be 
modeled by dragging and dropping component actors 

(representing elementary tasks) and in which a graphical 
language syntax is used to “program” data flow between 
successive tasks to achieve the wanted process execution.  
Used today on over 50% of the beamlines, Passerelle 
usage will increase as beamline automation progresses. 

Supervisory applications status 
For high level applications development, SOLEIL 
adopted GlobalSCREEN [5], a professional Java 

SCADA. This environment enables end users to quickly 
build user-friendly GUIs without writing any Java code, 

simply by dragging and dropping reusable graphical 
components developed for them by the software control 
team. About 40 applications are currently deployed and 
used (20 on the Machine and one for each beamline). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6: Proxima 1 beamline GlobalSCREEN 
application 

Software intervention and installation  
All user requests (new development, bugs, installation 

demands, etc.) are managed using the Mantis [6] tool. 
A total of 4500 user requests were satisfied in 2008. In 
2009, this figure will be around 3500 requests, proving 
that software quality has improved and also that SOLEIL 
is leaving the construction phase and its intense pace of 
new installations. 
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