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Abstract^
The SPIRAL project under construction at GANEL aims

to deliver radioactive ion beams to the physicists by the end
of 1998. In 1996, it has been proposed to achieve most of the
SPIRAL control system as an extension of the system
currently in use at GANIL.

Therefore the main features of the GANIL control system
design are first recalled:

/^~^\XP/0peWMS~-serveTs~~an3"workstations at "
level,

- CAMAC and^VWBE^rates under the contper^i" RTVA)
VAXELN processors-fetjhe frpjtt-€fid layer,

- Ethernet / TCP-IP networl
- software written in
- man machinejntefface relying on the MOTTF-standan,
- use of the-relational database management system

• , J

Then the paper shows how the GANIL control system
should have been upgraded and extended to integrate the
SPIRAL project. This evolution had to cope with the specific
needs brought by the new machine and to consider the size of
the project which is around one third of the GANIL control
system volume.

Lastly current status of the system is given.

I. INTRODUCTION

A. The SPIRAL Project
The SPIRAL project [1] currently under construction at

GANIL is a radioactive ion beam facility aiming to
accelerate beams in a large range of energy (from 2 up to 25
Mev/A) and intensity (from a few pps to 10s pps and up to
5x10" pps for the stable pollutants).

Radioactive nuclei will be produced using the ISOL
method by stopping the GANIL primary beam on a thick
production target; they are then released from the target at
high temperature (2300 K) and ionized in an ECR ion source
giving charge-to-mass from 0.1 to 0.5 ratio.

A very low energy beam line operates a first mass
selection (Am/m = 4xlO"3) and drives the beam to the
postaccelerator CIME which is a K=265 axially injected
cyclotron (Bp=2.344 T.m).

After extraction, the beam is sent through a medium
energy beam line leading to the existing modified a-shape
spectrometer to select the beam in magnetic rigidity . Lastly
the beam is directed to the experimental area
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Figure 1 : The Spiral facility.

The SPIRAL facility is planned to be tested with stable
ions by fall this year and should be coupled to the GANIL
machine in 1998 to produce the first exotic ion beams.

B. Controls of the SPIRAL facility
Except for the radioactive ion production target / source

assembly driven by an independent LabView system, the
SPIRAL machine will be controlled by an extension of the
existing control system of GANIL.

This decision was taken in February 1996 in order to take
benefit of the experience gained with the GANIL operation
as well as to use as most as possible the hardware and
software already involved in the GANIL control system.

From the control point of view, the SPIRAL project
represents more than 600 new pieces of equipment while the
GANIL control system handles today 2500 devices.

After briefly recalling the basic principles of the GANIL
control system in the next paragraph, the main problems
brought by the specificity of the SPIRAL facility will be
discussed.

II. THE GANEL CONTROL SYSTEM

A. The GANIL control system design
The GANIL control system had been entirely renewed

from 1989 to 1993. When designing the new system some
important constraints had to be considered ; mainly beside of
the fact that all the software has to be rewritten, the existing
CAMAC installation (more than 40 crates) should be kept
and integrated into the new architecture.

Since January 1993, the GANIL has been operated by this
new system which still evolves to improve the machine
operation and to cope with new needs.



This system has allowed to introduce the VME standard
for the new front end crates to be installed and we began to
replace some of the CAMAC crates ; the GANIL architecture
today federates 30 CAMAC crates and 15 VME chassis. As
well as providing a more modem and powerful hardware
environment it gave us the ability of adding new classes of
devices such as the new power-supply interfaces featuring
internal checking and intelligent survey.

From the software point of view the main improvements
which have been done are a higher and extensive use of the
database inside the control system [2] and the availability of
new graphic programs to tune the machine such as the beam
lines adaptation application, the cyclotron magnetic field
adjusting program or the beam parameters set of tools.

B. Architecture
The new control system has already been described

elsewhere [3] and only the main features are recalled in this
paper. The system spreads over three layers communicating
through a TCP-IP Ethernet network:

1) The server level

AXP/OpenVMS computers are used either for
development purposes (AlphaServer 800) or to be a server
machine at the real-time level (AlphaServer 2000).

Considering the development, because of its high security
level and the software development capabilities it implies,
the ADA language has been chosen both for the server, the
workstations and the front end CAMAC or VME crates.

Graphic capabilities rely on the OSF/MOTIF X-Window
standard and the BX editor is used to ease developments ;
also XRT-Tab and XRT-Graph widgets have been integrated
into this environment to cope with specific needs.

The AXP 2000 is the central server for the real-time level
and run general purpose processes such as :

- the front end database server,

- the pieces of equipment archiving system,

- the alarm server displaying alarms on an X-terminal and
logging alarms and their acknowledges in a specific
database.

The INGRES relational database management system is
used to provide most of the data management at the
background level of the real-time level. It concerns various
kinds of data ranging from the operator menus, pieces of
equipment data, the beam parameters management, the alarm
logging and some specific needs. The databases are
interfaced through the standard alphanumeric tools provided
by INGRES, or in a graphic environment by applications
written in the OpenROAD object-oriented language from
INGRES . At the real-time level, ADA/SQL packages allow
to interface the real-time applications with the databases.

2) The operator console layer

Operator interfaces associate an X-terminal and a
AXP/OpenVMS workstation (AXP 255/233) under the
OSF/MOTIF X-Window environment. The X-terminal is

devoted to the individual access to equipment while the
station allows to perform high level tuning applications to
interface the GANIL machine using specific algorithms for
the tuning of the machine or addressing the database.

3) The equipment control layer

This level is achieved by CAMAC and VME front end
crates. Kinetics 3968 Vantage 300 modules including the
RTVAX processors are used to control each of the CAMAC
crates. These modules run the VAXELN real-time operating
system and allow an easy integration among the VMS
environment. For the VME standard, we use the Aeon
VME300 boards also based on the same RTVAX processor
and running VAXELN to have a complete homogeneity
between the two standards.

The front end crates run the pieces of equipment handlers
and receive from the front end database server extractions so
that each crate is entirely autonomous afterwards.

Most of the front end crates have general purpose
functionnalities and are able to access any class of device by
running the same software ("standard" crates). Beside of
them, some crates known as the so-called "processus" have
been dedicated to specific controls such as the beam phase
measurement inside the cyclotrons, the NMR probe system or
the RF phase adjustment...

Programmable Logic Controllers are integrated into the
control system through a VME gateway seen as a processus
crate. This dedicated VME chassis drives Jbus and Profibus
networks to link the April PB400 and the Siemens 135 U
controllers.

III. IMPLEMENTATION OF THE SPIRAL SPECIFIC
CONSTRAINTS

A. Design considerations
Extending the GANIL control system for the SPIRAL

project allowed to use the existing hardware and software
environment but the detailed implementation brought new
problems to be solved.

- A basic and strong requirement was the independence of
the GANIL and SPIRAL control systems although hosted by
a unique central server for bom maintenance and cost
reasons. This led us to modify the basic software to run both
the GANIL and SPIRAL machines on the same server. For
instance, the central alarm server has evolved so that the
alarms coming from the two facilities are jointly processed
but seen by the operator like two different systems.

- To achieve this independence and to integrate the
SPIRAL specificity, the relational database design and
structure have been adapted and modified consequently.

- All the front end crates should be within the VME
standard and some functionnalities were still remaining only
available through CAMAC chassis. So we had to develop
new pieces of equipment classes not yet implemented into
the VME environment (delay lines, stepping-motors, vacuum
probes...).



B. Schematic architecture
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Figure 2 : The SPIRAL control system architecture.

The basic architecture adopted for the SPIRAL control
system is represented on figure 2. A new network topology
based on a hub box provides an efficient separation of the
machines.

The AXP server is shared by the GANIL and SPIRAL
control systems : the front end database server and the
archiving tools are in charge of both the two facilities while
two different alarm systems have been configured to survey
the machines.

Also the databases in use are common for the two systems
but their internal structure ought to be modified to allow to
manage GANIL and SPIRAL data. This also forced us to
adapt the SQL interface packages with new criteria.

Considering the operator interface, three consoles have to
be installed running the same software as the GANIL
stations, only database driven menus and logical names
differentiate the console allocation.

Alarms for the SPIRAL facility are displayed on a
separated X-terminal.

At the front end level, seven VME crates are required to
interface the SPIRAL pieces of equipment. Two of them are
standard crates while the others are specific and run
processus software. Due to the specific aspects of the
SPIRAL machine, we also had to completely design a new
beam phase measurement system as well as a new RF phase
tuning environment. The NMR probes, PLC gateway and
beam profilers processus are directly duplicated from the
GANIL control system with minor adaptations.

Table 1.
Implementation of the VME crates.

Name

I /Ol

NMR Probes

Beam Phase

Beam Profilers

RF phases

I/O2

PLC Gateway

Type

Standard

Processus

Processus

Processus

Processus

Standard

Processus

Status

Duplicated

New

Duplicated

New

Duplicated

C. Software requirements implied by the SPIRAL
specificity

The dedicated programs for tuning the GANIL facility
ought to be duplicated to create suited versions for SPIRAL.
Although the functionnalities to be provided are quite the
same, it turned out that we have to develop specific versions
for the SPIRAL facility but the object approach adopted
when designing the GANIL software allowed to reuse most
of the existing basic ADA packages.

The first application programs to be delivered for
commissioning the machine with stable ions are :

• the RF cavities handling,

• the cyclotron isochronism adjustment,

• the turn calculation and display inside the cyclotron,



• the cyclotron cycling (previously developed for the
magnetic measurement tests),

• the admittance limitation inside the beam lines,

• the beam profilers display utility,

• the beam interlocks and beam profilers protection
. access,

• the NMR probes measurement system,

• the dipoles cycling,

• the beam parameters management.

New programs should therefore be developed for tuning
the facility with exotic ions and will be specified later.
Preliminary studies have carried out that the facility will be
first pretuned with a stable beam before accelerating the
required species by shifting the magnetic field or the RF
frequency or both [4]. So there is no doubt that important
work should be done next year for the first radioactive beam
production tests.

Also, an important development to be done consists of the
isochronism tuning with the radioactive beams. Due to the
low beam intensity, the beam phase measurement will be
performed with a scintillator detector reached through the
data acquisition environment in use at GANIL [5]. So, on-
line gateways following the common client/server model
have to be installed between the control and the data
acquisition systems. This mechanism could be later used for
any client wishing to read control system data.

IV. PRESENT AND FUTURE

A Current Status
The AXP 2000 machine is operational and able to serve

the two facilities. The dedicated network for SPIRAL is now
installed and the hub switch is in operation. The operator
consoles are configured and have been already used for
pieces of equipment testing ; the SPIRAL control room will
be installed by the beginning of the next year during the
winter shutdown.

The standard VME crates are installed and allowed the
first hardware checks while the NMR probes, beam profilers
and PLC gateway processus are planned to be added in
October. The first local tests and simulation with the beam
phase measurement processus are under way. Lastly, the RF
phase adjustment processus has to be the specified soon.

The pieces of equipment and parameters databases have
been extended and upgraded therefore we just started to
integrate the SPIRAL data inside.

The main applications are written and are waiting for time
to perform the first basic tests (Isochronism, Turn display,
Cyclotron cycling, Profilers display, Admittance setting). The
beam parameters management will be introduced later this
year.

B The GANIL control software upgrades
Beside of the SPIRAL control system itself, modifications

will have to be done for coupling the GANIL and SPIRAL

facilities. This point has not yet been specified but already
some considerations have to be taken into account:

- As the SPIRAL facility is inserted into the a-
spectrometer, the application which manages the GANIL
parameters according to the beam optic configuration must
be modified. This could imply to introduce new configuration
modes and to apply changes to the beam parameters database
structure.

- A dedicated processus hosted in a CAMAC crate
handles the beam switching inside the experimental areas
synchronized by signals coming from some specific devices
belonging to the GANIL machine. This processus has to be
renewed into a VME chassis able to accept beams coming
either from the GANIL or SPIRAL facilities.

C System evolution
As both the GANIL and SPIRAL control systems follow

the same architecture they will jointly evolve in future.

A major evolution we plan to do as soon as possible
concerns the real-time operating system. As VAXELN is
directly attached to the VAX processor, we wish to move
away from this situation by adopting a new environment. So
we are now just beginning to investigate the market to find
an ADA software development kit for a real-time operating
system embedded in a VME processor. Also we want to still
share the ADA libraries between the software running on the
OpenVMS and front end sides.

An other improvement which is aimed at the same time is
the migration from ADA 83 to ADA 95 as we want to benefit
from the capabilities brought by the new release mainly the
fully oriented object features and the asynchronous
communication mechanism.

An other evolution which is already under way is the
migration from the INGRES release to the OpenlNGRES
version.
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