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Abstract

The Grand Accelerateur National d'lons Lourds
(GANIL) Control System was developed in the first half of
the nineties with ADA language. The user interfaces use
MOTIF and XRT widgets. User interfaces have become
more and more difficult to modify and there is a risk of
obsolescence. GANIL plan to replace these old technolo-
gies and web technologies are anticipated. This paper will
present the strategy defined to make the switch.

CURRENT SYSTEM

The control system of the original GANIL accelerator
(2 ions sources, 5 cyclotrons), called GANICIEL, relies on
several software (about 65), entirely developed in ADA
language specifically for this machine thirty years ago, by
the developers who were present at that time.

There are two main software layers (see Fig. 1), the first
one, the human machine interfaces layer (about 45 soft-
ware), corresponds to all the software required to tune the
accelerator by operators from the control room. The other,
the equipment control layer, comprehends all the real-time
servers (about 10 software multi instantiated on 31 VME)
interacting with equipment to handle Human Machine In-
terface’s (HMI) requests and ensure parameters setting and
data monitoring.
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Figure 1: Current GANIL control system architecture.

To operate, both layers rely on relational databases (IN-
GRES technology), at HMI layer level, widget are powered
by MOTIF/XRT technology, at the equipment control layer
level, VxWorks 6.9 operating system is required to run
VME software.

In between the two layers, there is a batch (about 10) of
software servers providing services for data bases access,
alarm monitoring, data archiving and minimization of the
Transmission Control Protocol/Internet Protocol (TCP/IP)
connection between HMI and Versa Module Europa
(VME).

GANICIEL Request Concept

The communication between the HMI layer and the
equipment control layer is achieved over TCP/IP with a
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homemade request system providing simple and complex
order services. Simple order offer the possibility to interact
quickly with an equipment by sending unitary order with
no reply, complex order gives the possibility to execute a
sequence of order on an equipment and receive a report
with only one transaction between a HMI and a VME.

Technical Threats and Opportunities

ADA Language The ADA language appeared in the
early eighteen with ADA83 and was enhanced with revi-
sion ADA95, ADA2005 and ADA2012. Software devel-
oped in ADA are renowned to be robust, its attractiveness
increased with the needs for security for payment systems,
ADA is a technology we can rely on for the future. How-
ever, it is not widespread, the lack of skilled people and the
weak attraction of the young developers for it are the main
drawback that pushes us to reduce its use. Currently there
are almost 3 MLoC in ADA for the whole control system
(see Table 1).

Table 1: ADA Source Code Distribution

Million Lines of Code
HMI, graphical rendering 1,0
HMI, command/algorithm 0,5
Total for HMI layer 1,5
VME ADA software 0,3
ADA servers 0,4
Total 2,7

HMI Layer There are two kind of HMI, one dedicated
to equipment command and one to the so-called algorith-
mic command, equipment commands correspond the sim-
plest HMI dedicated to a single equipment like basic In-
put/Output (I/0), driving a power supply, insertions. Algo-
rithmic command HMI implement complex sequences like
cycling a cyclotron or optimizing the beam transmission,
they can involve several equipment potentially spread-out
on several crates.

There are 1.5 Million Lines of Code (MLoC) for the
HMI layer, 1 MLoC for the graphical rendering, the re-
maining half MLoC for the commands and algorithm. The
widgets used for the graphical rendering are issued from
the MOTIF/XRT libraries which are not commercialised
and maintained since 2016, workmate that are now retired
managed to keep these libraries up and running at each
hosts renewal (every five years). We do not have the MO-
TIF/XRT skills anymore, there is a risk that we don’t man-
age to repeat the performance for the next host renewal
(2026) and we may face a blocking software or hardware
incompatibility.

Equipment Control Layer The equipment control
layer has a typical early nineteen architecture based on
31 VME crates allowing the control of the 4500 devices of
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the accelerator. Each crate consists of a Central Processing
Unit (CPU) card plus a set of I/O cards, there are 230 digi-
tal I/0O, analog 1/0O and protocol card, some of the I/O cards
were homemade, some are off the shelf products, protocol

> cards are off the shelf but execute a closed source software.

Each crates executes one instance of the 10 VME software
application, at boot time, each instance retrieves from a

> data base sever its configuration describing the set of 1/O

cards installed in the crate, the /O mapping of each card
and the names of the equipment to be controlled by that
crate.

The equipment control layer works fine, unlike the HMI

- layer, there is no urgent risk related to obsolescence. How-

ever, according to the number of devices that are now ac-
cessible over TCP/IP network and the performances of the
hypervisors, the CPU/protocol cards association could be
replaced by a virtual server, a VME crate with its CPU card
and batch of I/O cards could, in many cases, advanta-
geously be replaced by connected I/O systems. In other
words, the innovations of the last decades give us the op-
portunity to reduce the cost related to spare and repair, ease
interventions and maintenance with remote access and im-
prove service monitoring.

THE RENOVATION PROJECT

In 2023 the GANIL will celebrate the 40™ anniversary of
the first beam, and the demand from the physicist remain
high, the GANIL must consider its exploitation for at least
the next two decades. Consequently, an ambitious renova-
tion project is currently being defined in which we plan to
solve the obsolescence risk and modernize the architecture
of the control system with latest technologies.

Staff and Skills Considerations

The main objective for the control system renovation is
to eliminate the obsolescence risk, but, skills and human
resources availability have also been taken into account to
design the renovation plan.

The current system is the second-generation control sys-
tem, it was designed and developed by eight people from
GANIL between 1990 and 1992, the commissioning oc-
curred in 1993, it has been enhanced during the next two
decades by its creators, there were up to 10 people working
on it. Things started to become more complicated in the last
decade when people retired and not all of them were re-
placed, currently only 4 young permanent people helped by
3 non-permanent people and they have to work not only on
the legacy machine but also on the Experimental Physics
and Industrial Control System (EPICS) control system for
the Systeme de Production d’Tons Radioactifs Accelere en
Ligne2 (SPIRAL2) Linear Accelerator (LINAC), Super
Seperateur Spectrometre (S3), Désintégration, Excitation
et Stockage d’lons Radioactifs (DESIR) and New GANIL
Injector (NewGain). So, the challenge we are facing is how
can we do more with less people?

Though the current control system works fine it still need
to evolve constantly, modifications take too much time be-
cause the tools are basic, it is difficult to find ADA devel-
opers (student or a temporary contract or a software service
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company) or to motivate young developers with this lan-
guage.

Consequently, the renovation plan aims at solving this
obsolescence risk with XRT/MOTIF technology but also to
reduce the human resources needs for maintenance and
open wide outsourcing alternative.

HMI Layer Modification

The HMI layer was developed at a time where software
quality consideration like specification, maintainability,
scalability, testability were not as obvious and rooted as to-
day, the architecture of each HMI is not really layered, the
view and the control are completely interleaved.

We thought about the possibility to redevelop all the
HMI but we came to the conclusion that though the actual
code is far from being perfect, the code in which there are
algorithms and intelligent control, state machines or se-
quences still has a lot of value because of its 30 years of
maturity. We defined a two steps strategy aiming at pre-
serving and building on this value.

The first step: the refactoring of the code prior removing
the XRT/MOTIF stack, is an unavoidable prerequisite in
order to start from a sound basis with two well-defined
view/control layers interacting with a well-defined inter-
face. This step gives us the possibility to validate that the
refactored HMI work like the non-refactored ones and if
not, the guarantee that the root cause is in the refactored
code and not related to the introduction of the new technol-
ogy.

The second step aims at minimising the impact on the
valuable code by replacing only the view layer with theo-
retically no impact on the control layer or at least minimize
the modification and avoid that each HMI has its own set
of specificity and workaround.

The Web Technology Introduction The most straight
forward strategy would have been to replace XRT/MOTIF
by gtkADA but, according to the staff & skills considera-
tion, we decided that we should choose a more widespread
technology, that’s how we started to think about using web
technology.

Though no framework is chosen yet, we redefined the
control system architecture by introducing the web con-
cepts (see Fig. 2).
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Figure 2: HMI Modification.

The strictly speaking user interfaces will be accessible
with a web browser, the GANIL request system will be re-
placed by WebSocket [1] for commands that require full-
duplex communication and Web-Services for the other.

Web technologies for user interface
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Those web communications will provide access to the
View/Control interface defined during the refactoring in
order to make available for the user interface the ADA most
valuable services. Finally, the ADA code corresponding to
the control layer and all the other server will migrate to web
server.

Equipment Control Layer Modification

As mentioned before, to ease the maintenance, the num-
ber of VME crates could be dramatically reduced, we esti-
mate that 12 crates can be directly virtualized since they
are dedicated to beam profiler, power supply and PLCs ac-
cessible with Modbus/TCP protocol, 10 more crates with
off the shelf I/O cards could be virtualized by introducing
connected I/O devices, this requires to develop new driv-
ers. Finally, 9 crates with homemade /O cards will remain
unchanged (Fig. 3). Virtualizing those crates would impact
heavily the controlled devices and imply import hardware
and software development to finally obtain the same func-
tionalities. This is considered not worth the effort.
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Figure 3: Equipment control layer modification.

As for the HMI control layer ADA code, the code trans-
ferred from the VME will integrate the batch of web ser-
vices and WebSocket services will have to be activated in
the 9 remaining VME (Fig. 4).
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Figure 4: Final GANIL control system architecture.
How PLC Technology Could Also Be Involved

We’ve also taken into account the technical improve-
ment that are coming from the PLCs. With the current ar-
chitecture, 3 VME and 10 HMI have no real added value
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they are just gateway to PLCs, this is legacy from the time
where supervision was available only on windows platform
and not on Linux platform. Since there is also a renovation
plan for PLCs, old Siemens series 5 will be replaced by S7
series, we are also looking closely to WinCC Unified, the
new Siemens HMI technology, to replace the 10 ADA HMI
and remove the 3 VME crates or their virtualized version.

Human Resources

The effort was first estimated for a well-known and rea-
sonably complex HMI, then we applied the resulting per-
son-years/MLoC ratio to the other HMI, we finally ob-
tained a total of seven person-years for the whole HMI
layer modification.

The corresponding method was applied to a VME taking
into account the integration of the connected I/O devices,
we obtained a total of five person-years.

The GANIL control system renovation is therefore esti-
mated at twelve person-years and we plan to outsource
seven person-years.

Planning

We expect the project kick-off at beginning of 2023, the
first task will be to establish the outsourcing call for tender
and we plan the technical tasks to be executed between
2024 and 2026.

CONCLUSION

How can we replace the old XRT/MOTIF stack has been
a discussion topic in the software team since at least fifteen
years! Discussions often ended up with the conclusion that
it was not possible without rewriting everything and we
didn’t had time and resources.

The rise of an ambitious renovation project at GANIL
scale gives us the opportunity to obtain the resources re-
quired by such a complex task and make the change come
true.

Moreover, with the outsourcing approach and the will of
the young developers to work with state of the art technol-
ogies and engineering process, it open the perspective to
introduce better test & validation practices and use of con-
tinuous integration/deployment (CI/CD) tools.

Finally, lessons need to be learnt from the commission-
ing of the SPIRAL?2 accelerator in order to tackle HMI de-
velopment not only as a software development task but as
a holistic product [2] requiring the engagement of the us-
ers. From tuning capabilities point of view, current GANIL
HMI are fully satisfying, this will be the functional base-
line to be integrated in a user centric process based on reg-
ular delivery and demo, taking into account design and user
interface/experience (UI/UX) considerations from the
start.
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