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ABSTRACT 

With reference to the generally accepted archi­
tecture of modern control systems a review of facili­
ties as implemented for cyclotrons presently being 
commissioned will be compared to commercially 
available control packages and tools. An attempt is 
made to point out their qualification to integration, 
their interoperability and present drawbacks. 

1. INTRODUCTION 

Modern process control systems use embedded 
distributed intelligence which is based on well de­
fined hardware standards and more or less standard­
ized software. Data bases hold all the necessary con­
figurational static or dynamic views. More modern 
systems even implement software standards and inte­
grate tools. Future control systems will be generated 
and run by fully integrated tool kits. These are the 
highlights which you might take along from control 
conferences and working group meetings. But where 
are we today? What in fact is a control system in this 
context? What are integrated tools? Are there any 
such tools available for accelerator, or more specially 
for cyclotron controls? 

An abstracted view of a machine control sys­
tem is given by fig. I. The process in view and the 
product it has to deli ver are part of the lowermost lev­
el. It may be called the SHAPING level where the 
manipulation of producing objects is carried out and 
where views of the resulting states or of the transi­
tions between them are generated. The uppermost 
level, which could be called the REASONING level, 
comprises all the activities like DESIGN, MODJ.<:L­
lNG, SIMULATION, OPERA'I'lON etc., which in 
general still involve human brains and human inter­
vention. The area between these two levels is the 
TRANSAC'I'lON level, which transfers requests of 
the REASONING into appropriate actions of the 
SHAPING level and vice versa, according to well de­
fined rules of interference. This intermediate level is 
the translator of functions and data according to their 

level-dependent meaning and representation; it has 
appropriately defined access interfaces to the upper 
and lower levels respectively. The process Control 
System is the vehicle for all the transactions. A good 
control system is completely transparent and offers 
the flexibility and expandability needed to adapt to 
changing functionality in either level. 

2. TOOLS FOR DESIGN AND IMPLEMEN­
TATION 

The analysis of the functional requirements 
has presumably always been the basis of any control 
system design. However, the final implementation of­
ten had to decide on acceptable drawbacks because of 
technological limitations or even man-power or finan­
cial constraints. It must be admitted,however, that 
the need for more functionality has motivated and 
pushed technological development and that the ad­
vent of new technologies has opened the view for re­
finements in both, design and implementation. 

Whilst the system architecture is based on the 
functional requirements through the question 'what 
do we want to achieve?', the implementation of the 
hardware and a software architectures is based on 
'how do we want to achieve this aim?'. Again both 
have functional components which should reflect the 
overall system functionality. Although logically in­
terrelated, the topology within the architectural 
schemes need not necessarily be the same, e.g. a giv­
en hardware architecture can be the basis of different 
software architectures and vice versa 1). 

Presently all but the smallest systems use dis­
tributed computing. The underlying hardware and 
software architectures are surprisingly similar and 
can largely be divided into three logical layers as 
symbolized by fig. 1. 
Hardware: 

- an upper layer made up of the operator interface 
and the application computers, 

- a middle layer of processors distributed around 
the accelerator dealing with sets of equipment, 

- a lower layer of processors which interface to dif-
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Fig.l: Schematic view of logical control system levels 

ferent types of equipment. 

The layers are interconnected by a communication 
network as the backbone. In most cases this is a 
local-area network for the upper and middle layet's 
with multidrop or individual links connecting the 
middle layer processors to those of the lower level 
Ceffig.2). 

Software: 
- an upper level comprising the applicalion pro­

cessing, including the operator interface, 
- a middle level, transferring operational actions 

into hardware interface actions and vice versa 
(in general data driven), 

- and a lower level of equipment driving and 
hardware access routines. 

A (distributed) data base is the backbone, with its 
access routines from and to the upper and lower 
levels. It allows to separate the upper and lower 
levels from each other and to make them indepen­
dent of each other by operational protocols which 
only deal with 'meaningful' operational param­
eler::; and which are transparent with regard to dis­
tribution and specific hardware. 

The hardware architecture is generally sup­
ported by accepted standards with written specifica­
tions. The hardware is commercially available and 
may often be chosen from a variety of products ac­
cording to the actual needs. 

The same is, or is becoming, true for what I 

GENERIC SHAPING 

(manipulation and 

viewing of objects) 

would like to call the control system firmware, i.e, the 
computer and microprocessor operating systems, the 
network communication software and the software 
development environment. 

It goes without saying, that increased empha-
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Fig.2: Simplified view of the hardware architecture 
for CERN accelerator control I) 
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sis is now put on techniques for designing software in 
a more formalized way in order to reduce the increas­
ing cost of ever more sophistication. 

Gi ven the fact of the commercially available 
hard- and firmware mentioned above, the idea is to 
base the underlying control system desig'n on a high­
er level of abstraction. Initial discussions should not 
concern specific hard- and software architectures and 
implementations, but should regard the system as be­
ing primarily independent of such aspects. 

A notion of L.Chapman 15 ) may serve as an ex­
ample. His basic vision of a control system is a sea of 
objects spread over a computer network, organized 
logically and somewhat independently of the physical 
organization of the network. That is, any particular 
processor might contain one or more logical groups of 
objects, and an object group might be spread over 
multiple processors. These objects send each other 
messages in a simple, uniform way, regardless of 
whether these objects are nearby (e.g. in the same 
processor) or distant (e.g. on a different network 
node). Figure 3 illustrates a detail of an implementa­
tion which is based on these ideas 

Tools are supposed to help their user achieving 
the aim in mind in a smooth and easy way. With 
wrong or badly adapted tools he will not succeed. 
With the aim of refinement good tools can be used to 
produce new more sophisticated tools intended for 
more sophisticated operations, and so on. 

Integrated tools produce an output which can 
be directly used as input for the next step. They are 
plug-compatible to a common backbone like hard­
ware modules to their standard bus. They are the ba­
sis of inter operability. 

Assuming that the hard- and firmware for a 
control system implementation is commercially 
available as mentioned above, tools for their produc­
tion, e.g. CAD/CAM-techniques, need not be looked 

o Object 
o Instance Variable 

Method o Task 
X .... y Pointer 

Key 

X~Y Message (X sends to Y) 
X< Y Creates (X creates Y) 

Fig.3: Creation of an object which periodically 
reads some temperatures and sends the values to 
a window object which displays them graphically 

at. It is still felt, however, that there still is little 
choice among tools helping with the design and im­
plementation of the software architecture or even 
tool-kits representing a tailorable control system 
which can be tuned to the user's needs. 

Commercially available tools exist e.g. to fa­
cilitate software implementation: language sensitive 
editors, version management and control, graphical 
editors, program development environment for pro­
grammable local controllers (development on host 
computer, down-loading, remote debugging) often 
even menu-driven via graphical user interfaces, test 
managers. These tools are in general part of the soft­
ware delivered by the computer manufacturers. 

The next higher level of commercial support is 
by Computer Aided Software Engineering (CASE) 
tools. Various companies offer packages which they 
like to call workbenches and which lead the user with 
the help of graphical desk user interfaces through 
analyzing, architecturing, designing and program­
ming phases. Code generation is not necessarily 
available. The integrating backbone is a project data­
base which often may be a different manufacturer's 
product. These packages are mostly model based and 
implement methodologies like Structured Analysis 
(SA)2), Real-time Structured Analysis (RT/SA)3) and 
Structured Design (SD)4), the so-called SASD tech­
niques. More modern implementations are based on 
Object Oriented principles, which seem to be more 
adequate to process control systems. However, object 
orientation is today where SASD was about ten years 
ago. An application of these techniques is discussed is 
discussed by G.Ludgate and E.Osberg5J. In summary, 
these tools completely integrate their sub-tools, run 
on many commercially available platforms, but in 
general do not produce the code to let you directly use 
the product which is designed with their help. 

The nest group of tools to be discussed consists 
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of products with embedded executable software for a 
specified range of applications. They offer graphical 
editors to let the user choose objects from g·iven selec­
tions, choose their attributes and their interconnec­
tions. The next paragraph will describe tools of this 
group in more details. 

3. SELECTED COMMERCIAL TOOLS AND 
APPLICATION EXAMPLES 

The following examples were cho::;en to illus­
trate commercially available tools which can indeed 
help with implementing or generating an accelerator· 
control system. Their common feature is the genera­
tion of animated synoptics for operator interaction, 
nevertheless their internal features and their range 
of completeness in the context of a process control 
system are totally different. 

3.1 DATA VIEWS, SL·GMS 

DATAVIEWS 6) and SL-GMS 71 (SL Graphical 
Modeling System) are two of the more complete devel­
opment systems for building and managing graphics 
screens which can be (easily) embedded in user appli­
cations. Both products enable the u::;er to generate so­
phisticated graphical user interfaces to any applica­
tion, e.g. monitoring and control, modeling, simula­
tion. Apart from a very powerful drawing tool the 
user is supplied with a prototyping package (no pro­
gramming is needed) and a library of run-time rou­
tines for programming access to views, sub-views, 
graphical objects and their attributes, screen man­
agement etc. Programming access is provided for 
most standard languages such as C, Fortran, Pascal, 
Ada. 

Figure 4 illustrates the positioning of these 
tools within an imagined control system as applica­
tion. For monitoring the interface receives input from 
the application in form of application data, the inter-

data 
display 

Interface 

Application 

FigA: Illustration of the dialogues of a visualization 
and interaction interface with user and application 

face then delivers output to the user in the form of 
graphical data displays. For control the interface re­
ceives input from the user in form of keystrokes, 
mouse picks or other locator events which is delivered 
as output to the application in form of control data. 
The data exchange can either be done by intermedi­
ate files or by direct delivery to or from the product 
internal data structures using calls to the respective 
library routines. In the first case a description of the 
file structure must be maintained in both, the appli­
cation and the interface, the second needs a sort if in­
tegrating gateway between either data structures. 

Both products support a large number of plat­
forms, operating systems and graphical interfacing 
standards. DATA VIEWS seems to be the more indus­
trial and stable product being based on classical de­
sign concepts, the design of SL-GMS follows the more 
modern object oriented principles but still is less ergo­
nomic. 81 

Mind, however, that these products produce vi­
sualiza tion and interaction interfaces, they do not 
generate a runnable process control system. 

3.2 Vsystem 

Vsystem 9), the Vista Control system software, 
is developed to control a given specifiable process 
through a CAMAC or VME hardware interface using 
Digital Equipments VAX-computers with the manu­
facturer's VMS and ELN operating systems. Devices 
to be connected to the system have to be described in a 
data base of text entries which is afterwards convert­
ed into binary format, the run-time data base.for use 
by the control software. A graphics interface based on 
window software provides control and monitoring 
functions, referred to as channels. The system incor­
porates a comprehensive toolkit to creat.e operator 
displays, to connect device-channels to parts of the 
displays and to access information in the runtime 
data base. 

Before the system can be put into service, the 
system manager must provide a handler for each 
hardware interface describing its characteristics (if 
not delivered by VISTA) and he must specify a data 
base entry for each channel in the system which also 
includes the handler name for the hardware channel. 

Vsystem offers a variety of features which are 
known to be useful in process control systems, such as 
generic readers and reader banks, data logging, 
"strip-charts", alarms for specified channels. A se­
quencer package is available to the operator to per­
form sentence-like instructions on specified channels 
in a certain sequence. 

As any other commercial company in the field 
VISTA is continuously implementing enhancements 
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and new featur'es 10). 

Various accelerator control systems have im­
plemented partial systems generated by the Vsystem 
package or are evaluating for future use. Figure 5 is 
an operator interaction display of the TRIUMF Beam 
Line 2C vacuum system II). 

Fig.5: Vsystem operator display of TI{IUMF beam 
line 2C vacuum system 

Assuming that all the hardware handlers men­
tioned above are available, the user of this package 
need not write any software, unless he wants to inte­
grate features which are not yet offered (e.g. model 
support, simulation). In this case, however, the user 
is either compelled to stay with the V AX hardware 
and VMS/EL!'J" software and especially with the sys­
tem data base or he has to undergo a considerable in­
tegrationjob where data integrity can be an issue. 

3.3 SYSTEMS BASED ON iNDUSTRIAL 
PROGRAMMABLE CONTROLLERS 

Various industrial systems within this group 
provide the highest degree of commercially available 
tool integration. This is due to the fact that one man­
ufacturer delivers proven hardware and software 
which can be configured to the costumer's require­
ments. Hardware and software configuration is 
achieved by putting together prefabricated modules 
with the aid of graphical tools, appropriately engi­
neered for each level of the process control system 
hierarchy. 

The outstanding advantages of such sysstems 
are proven and guaranteed reliability in an industri­
al environment, determined and stable behaviour 
even under extreme conditions, possibility of inter­
connection and point-to-point communication. Pro­
gramming, which means logical assembly of appro­
priate building objects, is done by integrated 'pro­
gramming tools' which can be used by 'programmers' 
of all levels. The packages also integrate 'program­
mable' user interfaces. Complete compatability be-

tween hardware and software is guaranteed on all 
levels, documentation is automatic and maintenance 
is assured by the manufacturer. 

Generally speaking slower processing is the 
price to be paid for the reliability of such systems 
within industrial environment. Limited memory 
space which was an inconvenience of early imple­
mentations is being overcome. 

Complete knowledge of the process to be moni­
tored and/or controlled is another basic requirement 
for these systems to be appropriate. No modeling or 
basic research about the internal process behaviour 
is appreciated. Hence, these systems are favorable 
candidates for the implementation of turn-key sys­
tems. 

The industrial example chosen here is the 
SIMA'I'IC·S5 12 ) system with the STEP-5 12) and 
COROSI2) programming and production tools. Fig­
ure 6 is a pop-up of the base-leveIIlO-modules, func­
tion generators and signal processing modules, their 
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Fig.6: Base level hardware of the SIMATIC-S5 sys­
tem 

bus systems and interconnections as well as base­
level local operator interfaces. Programming on this 
level is done with the tool package STEP-5 which of­
fers a symbolic editor to define and name (globally 
uniquely) input- and output-signals or functions and 
to produce or to correct graphical views of their logi­
cal interconnection with the help of ladder logic. 
COROS provides the tool to interconnect base-level 
equipment of subsystems, subsystems to site­
systems and sites to central monitoring and control. 
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Commands to exchange data between processors and 
process image as well as reactioDl:; to be carried out in 
case of data changes can be defined. Messages and re­
action strategies on alarms, alarm analysis and auto­
matic archiving can be set up to the user's require­
ments. 

In the accelerator field the SIEMENS tool kit 
has been successfully applied to e.g. the control sys­
tem of the compact cyclotron Cyclone 30 at the Catho­
lic University of Louvain, Belgium Ul Figure 7 is a 
schematic view of the system. The following function­
ality is offered to the user: automatic startup and run­
down to a standby state, automatic change of source 

r-------------, 
I Ver~ ordinoteur 
L _____ ~~~ ____ J 

--© 
Connexion 
Console de 
Programmation 

Enlrh./Sorli •• 
L0 9iques 

1---- Bus Int.rne 
Simalic 55 

Extension bU!l 
Poron.l. 

Extension bus 
Peronei. 

Enlr6 •• /Sorli •• 

Fig.7: SEvlATlC-S5 system as implemented for Cy­
CLONE 30. The system also provides 2 shaft encoders 
to fine-tune parameter settings. 

or target material on operator request, intensity mon­
itoring, intensity reduction if preset limits are ex­
ceeded, calculation of extraction energy, automatic 
adjustment and shift compensation of the main mag­
netic field, calculation and proposal of setting values 
for extraction of new beams, automatic call of the per­
son in charge in case of a failure. The setting values 
for different beams are held in an archi ve for down-

loading if required. 
Keitel et aJ.14) report on a similar system im­

plemented for the TRIUMF TR30 cyclotron on the ba­
sis of Allen Bradley PLC's. 

4. CONCLUSIONS 

Highly integrated tool kit solutions comprising 
hardware and software exist for well defined pro­
cesses. Due to their reliability and robustness they 
can be used in industrial environment and are appli­
cable to turn-key systems. Some have been imple­
mented for compact cyclotrons and other ion implant­
ing machines. 

Partial solutions exist for systems where some 
flexibility and extensibility to new requirements or 
research about the process itself is desirable. Often 
more computing power and fast signal processing is 
mandatory in such cases. These solutions have been 
evaluated or implemented for medium scale systems. 

No complete example exists for the application 
of the above mentioned tools in large scale complex 
machines. On the contrary, while the complexity of 
these systems has increased several orders of magni­
tude over the last twenty years the ability to reliably 
specify them and manage their implementation has 
not kept pace. 
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