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The Tore Supra control computer system has been providing a good operation of the Tore 
Supra machine for six years. It controls all of the sub-systems, the continuous ones as well as the 
sequential ones, and the automatic operation is very efficient. The control system has been 
programmed by the users themselves thanks to its user-friendly qualities, in order to keep the 
full control and knowledge of the automatisms. Nevertheless, some improvements are now 
necessary. Their main principles are : to choose ergonomie and powerful tools, industrial 
standards, and to keep the users's participation. The whole control system will be upgraded : the 
automatism level as well as the display level and the communication networks. The operator's 
driving job is analysed as supervisory and diagnostic tasks which have an effect on the Tore 
Supra machine efficiency. So a very powerful driving software has been chosen and linked with 
an expert system, which is to be designed and implemented with the aim to give an immediate 
accurate and global understanding of the process and situations, in particular in case of trouble. 
The method is based on an artificial intelligence approach, and it exploits both the process' 
informations and automatisms' -teps, to determine the process state, next possible states and 
diagnosis of the probers troubles. 

1. INTRODUCTION 

The complexity and the performances of a 
tokamak experiment as the Tore Supra 
machine need a great diversity of sub
systems, and then processes : sequential 
processes as the poloidal field power 
supplies, and continuous processes as the 
toroidal coils cryogenic refrigerator. Some of 
them have got a large response time which 
needs a continuous operation, 24 hours a 
day, and bring important effects on the 
machine availability through the operation 
work, in particular in case of malfunction. 
The first answer to these facts is an efficient 
computerized running control-system with 
performant automatisms, but the human-
machine interface function has also an 
important place to take, in order to give the 
best information to allow the best operation. 

2. CONSIDERATIONS 

The Tore Supra Control Computer system 

has been described in the 14 th SOFT [1]. Its 
main features are : 

- The RMX operating system with the 
MULTIBUS data bus. This choice confronts 
us now with the software and hardware 
maintainability. 

- A graphic language to describe the 
sequential automatisms : The GRAFCET 
which is recognized as a standard language. 

- An important contribution of the users 
themselves in developing the automatisms. 

Best performances of the Tore Supra 
machine involves increasing the control 
computer performances, that is to say : the 
availability, the computer's cycle time, and 
the upgrading capacity. The principles and 
the details of this migration are presented. 

3. THE MAIN PRINCIPLES 

3.1. Keep the control on the application 
programs 

This principle is built on human-oriented 
and powerful tools, both for the operation 
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human interfaces and for the application 
drvi-lopment tools. These characteristics 
allow- the users to participate to the 
upgrading and then, allows the knowledge 
on the processes running to be distributed. 
This principle gives also easier to improve 
automatisms and therefore better processes 
running. 

3.2. Industrial s tandards 
The Tore Supra machine availability 

depends greatly on its control computer 
system behaviour, tha t is to say both on its 
reliability and maintainability. Industrial 
based control system are the lone system 
enabled to provide such qualities. This option 
attends to the opening of the 
communications and then of the structures. 
Best evolutivity of the whole system, less 
costs are also expected. 

3.3. Methods and structures 
Powerful systems and standards are not 

only needed to achieve best results. 
Considering the Tore Supra experience, the 
methocy in developing the automatisms and 
the communications are absolutely required, 
in particular to keep the softwares as easy to 
maintain as possible, to achieve homo
geneous behaviour of the automatisms, and 
to keep the human interfaces normalised. 
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4. THE NEW CONTROL-SYSTEM 

The new control computer sy>tem is built 
according the three above principles. Its 
structure is composed of an human interface 
level based on several PC running 
WINDOWS11, and on an automatisms' level 
based on Programmable Logic Controllers. 
These two levels are connected together and 
with the data acquisition system by 
ETHERNET (figure 1) through the UNIX 
Work stations. 

4 .1 . The au tomat i sms ' level 
Structures : 
PLC have been chosen for their reliability 

and maintenability qualities, for their 
modularity and for their ad.'iptation to an 
industrial environment. The modularity 
capacity is important to provide control 
structures shaped on the functional blocks of 
the process. Such a structure is easier to 
m?uage. allows a better behaviour of the 
automansms and then the process, in case of 
control system failure. However, it must be 
based on reliable communications : the FIP 
field bus allows the PLC to communicate in 
order to build a sub-structure of the control-
system for each Tore Supra sub-system. 
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Figure 1. The new Tore Supra control system 



13 

F< rforwanccs : 
The c%i:li- times necessary tn pi-rfnrm a 

Hnod process control art- {riven in the 
fnllowing tabk-j 
Tvpe of process Cvcle Time 
Thermo-hydraulic processes 
t Cryogenic, water-cooling. 
vacuum subsystems) 

> 100 ms 

Standard controls on electrical 
processes (Power supplies). 10 ms 
Fast feedback or controls on 
electrical processes (Safety or < 1 ms 
plasma control). 

The common PLC cycle time is higher 
than 1 ms. then high speed controls with 
complex calculations have to be made with 
specific and custom systems. However, 
because industrial made equipments allow to 
perform safe controls, PLC and performant 
custom systems have to be mixed. An 
example of a such structure is presented on 
figure 2. 
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Figure 2. Example of LHH control system, 
with fast feedback loop. 

Development : 
Both the flexibility to programme and the 

users' contribution reduced the programming 
and debugging time, and has provided a 
better process' running in the actual control 
system [2]. 

This flexibility is greatly due to the 
GRAFCET which is a user-oriented language 

tn ik-scrilu- the sequential iiutuni.ttisuis. Su it 
h;is lifi-n kept un the new control sy>t>-m. but 
La Icier and literal larcuajrcs are added The 
capacity tn work in a multi-platform 
environment was also regarded : TELE
MECANIQUE and SIEMENS PLC allow a 
such capacity through an object oriented 
language. Finally. TELExMECANIQUE is 
selected to begin the first migrations. 

4.2. The human interface 
The human interface is made with several 

IBM PC compatible computers which run a 
commercial process control software called 
PANORAMA11 ETHERNET connects these 
PC to the PLC. to the RMX control-system 
and to the Work Stations of the data 
acquisition system, via an interlink computer 
(figure 1). The CAD software DESIGNER R 

permits the development of graphic mimic 
panels which are animated by a resident real 
time database. Datas are supplied to the 
database through the DDE data exchange, 
by a set of network interfaces which allow to 
communicate both with the PLC and with 
the RMX control system. PANORAMAR 

includes also an alarm supervisor and a data 
recorder to analyse the sub-systems running. 

5. THE DIAGNOSIS AID 

5.1. The job of the operators 
The process control can be usually split 

into three tasks : monitoring, diagnosing and 
driving. Operating problems that operators 
have today, are the direct consequences of 
the growing installation complexity : too 
many independent informations to manage, 
cognitive overload, non adapted formation. 
Furthermore, if the progresses in the 
automatism field have simplified the driving 
function, on the other hand, the complexity 
of the processes has increased the 
importance of monitoring and diagnosis. The 
operator job has thus evolved from the 
execution tasks towards coordination tasks 
and toward decisional tasks : monitoring, 
trouble detection and diagnosis, salvaging 
situations, preventive and corrective 



maintenance. 

5.2- The d iagnos is aid need 
These above functions are hard to 

automize : they are the concern of capability 
for anticipation and decision, came from 
incomplete informations. It requires an 
immediate accurate and global under
standing of the process and of the situations. 
The new needs involve new supervisory 
modules whose aim is to strengthen the 
informational state of the above tasks. 

5.3. The me thod 
The method is based [3] on the operator 

method to diagnose a process trouble, that is 
to say : 

- At first to understand what is the 
actual process state ? 

- What was the process state before the 
failure ? 

- What is the reason of the failure ? 
- Then what the process will do, and 

how to correct it ? 
The informations used are the printed 

messages, the graphic mimic panels, 
recorded datas whose human-oriented 
qualities will greatly act on the diagnostic 
itself. In fact, the control programs are also a 
source of expertise. 

The system's complexity is not necessarily 
an intrinsic property but may come from its 
representation. So our aim is to find out and 
use the simplest model as possible. The 
GRAFCET language which is the root of the 
automatisms representation reflects the 
process state best, then the adopted 
approach consists in a functional gathering 
of some grafcet stages, and get a new 
automatism graph of "macro-stages", picture 
of the process states. Moreover, the process is 
dynamical, and thus the notion of time has to 
be introduced : a maximum activity duration 
is given to each macro-stage, so the macro 
stage duration is controlled and taken in 
account in the process trouble analysis. From 
this point, we can give the current stage of 
the process, foresee when it will evolve and 
then answer the operators. 

5.4. The implementat ion - T h e export 
system 

A nincU'l uf i'\. uilhim f-mpn-."i<r.- tir-t 
sta^'e has been d e n n e d ami implemented on 
a PC winch runs the procès.- control 
software, from the H-EXPERTK -vnerator 
software This expert system work-- with th t 
macro-stages graphs and the process datas 
which belong to the fact database. It satisfies 
many functionalities : determining the 
process state (where it is, what is happening, 
why ?), giving next possible states and their 
activation conditions, and detecting a block 
dsfsct in the control-command system. In 
order to improve the conviviality of our 
system, a link with an application generator 
has been implemented : an hyper-text editor 
is available on line to complete the process 
information. 

6. CONCLUSION 

The new control computer system is now 
nearly finished to be completely designed. 
The first migrations are going to be 
implemented : the ICRH an LHH antennae 
position controller, and the water cooling 
system by the end of 1994. The diagnosis aid 
system will be integrated to the human 
interface and progressively extended to the 
whole cryogenic process. 
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