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S.A. Lewis

SCHUTTE

I have handed over to the panelists a few
sheets with a number of statements, asking them
to comment on the several items. They contain
arguments pro and contra closed loop control, as
well as some ideas on control strategies and
methods of automatic control. I now should like to
present the same statements to the audience.

A survey table on automatic control projects
at several laboratories is attached to them (see
table I). Later, I will turn over to the panelists to
comment on the several statements.

Let me start with the contra's to closed loop
control

CONTRA

1. macro view

At the contemporary state of technology, all
systems can be stabilized up to a sufficiently high
degree in order to produce a macro-reproducible
and stable beam for experiments during a long
period. By '"'macro'" is indicated that the beam
representation in the 6 -dimensional phase space
X, PX, Z, Pz, ¢, E, can be considered as homo-
geneous and taken as the total beam representation.

2. complexity

The total system complexity increases heavily.

3. support

There should be adequate financial and man-
power support.

PRO

1. micro view

Especially when single turn extraction, a
small emittance, or well-defined beam properties
are required, a micro-reproducible and stable
beam may be desired. In this case, only a small
part of the 6-dimensional phase space repre-
sentation is used; the phase space has to be
considered to have a discrete distribution. Then,
small variations (10-2 - 10-8) in the mean magnetic
induction, in the shape of the magnetic field, or in
the frequency of the accelerating voltage may have
a large effect on beam quality and beam current.
Many parameters can, in this way, exercise
unwanted influences.
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2. incorrect settings

Even small deviations of settings may imply
non-reproducible beam properties. This is
especially of importance at matching locations,
e. g., at the entrance of the beam transport
system. Erronenous settings are easily detected
and rapidly corrected.

3. disturbances

Disturbances in values of beam properties
such as beam current, RF phase angle and energy
spectrum are easily detected and rapidly corrected.

4. correction time

The latter two corrections mentioned
normally have to be carried out by the operator.
Generally, during this time the beam will not be
available for the experiment. With a closed loop
control, the corrections can be performed
smoothly during operation, which implies no loss
of time.

5. setting time

Generally, an energy scan implies sequen-
tially new setting procedures. In the case of well-
known beam properties and a closed loop control
the setting procedures are predictably, simply
and smoothly performed.

6. beam properties

Beam properties can be measured quickly,
reliably, reproducibly and accurately. Further-
more, a large variety of beam property measure-
ments is possible.

7. necessity

In the case of matching the beam from an
injector cyclotron into a ring cyclotron and/or at
complex cyclotrons with a large number of
correction coils (e. g. TRIUMF, S.I.N., Indiana),
an automatic control is inevitable.

Control Strategies

1. Static - control to prescribed value

a) matrix inversion

If only small variations are taken into account,
the cyclotron parameter vector and the beam
property vector are related by a linear variation
matrix. If the number of cyclotron parameters
equals the number of beam properties, by means
of the inverse variation matrix, we are able to
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calculate the necessary corrections of the cyclo-
tron parameter vector to obtain all desired
variations in the beam property vector.

b) least squares

If the number of cyclotron parameters is
smaller than that of beam properties, a least
squares method can be applied to find a value of
the cyclotron parameter vector which yields a
beam property vector as close as possible to the
desired one. An analogue representation can be
given by choosing an appropriate set of ortho-
normal base vectors in such a way that increasing
order implies decreasing correlation coefficients
(e.g. Chebishev polynomials).

c¢) least squares and conditions

If, in addition, some elements in the beam
property vector have a mandatory value, these
constraints can be added by using undetermined
Lagrange multipliers.

d) optimisation

If elements of the beam property vector have
to be controlled to an optimum value instead of a
prescribed value, the problem can be reduced to
the control of the parameter deriative of the beam
properties vector to prescribed values. This
implies the parameter derivatives are determined
periodically for properties which vary (slowly)
with time. For this purpose, small variations of
short duration can be introduced on the settings
of the elements involved in the c¢cyclotron para-
meter vector. The responses in the beam property
vector correlated with the disturbances yield the
values of the parameter derivatives to be set to a
prescribed value.

2. Dynamic

Iterative processes and the use of correlation
technique with large time constants are time
consuming. Although not always necessary, this
time can be reduced in several ways:

a) time-dependent correction
a larger correction than necessarily has to be
carried out, after which the calculated corrected
setting is applied.
b) prediction/correction method

Prediction of the corrected value, comparison
with the desired value, and, before the correction
has passed the total system, thus before the next

iteration may start, application of a new correction.

Methods of Automatic Control

The manual control of an isochronous cyclo-
tron is mainly a procedure of, successively,
setting, optimising (controlling), monitoring and
logging. Someof all of these tasks can be taken
over by an on-line digital computer:

i)  setting, logging and monitoring

The most obvious way of coupling a computer
to a cyclotron is taking over the setting of the
various parameters. This, however, only yields
a beam with prescribed properties if all systems
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involved are stabilized and reproducible to a very
high degree. The settings may be programmed and
possibly carried out by the computer. The same
computer can also be used to record all settings
(logging) and to monitor a number of crucial para-
meters, such as the RF voltage, vacuum, water
leaks, safety system, etc.

ii) continuous measurement of beam properties

without interception

For a cyclotron with slightly less accurately
stabilized systems than in the case mentioned
above, at many locations in the cyclotron and the
beam transport system, the beam properties may
be measured continuously and without (obtrusive)
interception of the beam. The observed data can
then be fed into the computer and compared with
required values. The computer calculates the
corrections of all parameter settings and auto-
matically performs the adjustments. For this
mode of operation, a well-developed beam
diagnostic system is necessary in addition to a
thorough knowledge of the relations between cyclo-
tron parameters and beam properties.

iii) semi-continuous measurement of beam
properties with interception
A hybrid system may have rather well-stabi-
lized parameters combined with devices to
measure beam properties using intercepting
techniques. From these experimental results
and from orbit-dynamics, computer programs, the
corrected cyclotron settings may be calculated
numerically.

The cases ii) and iii) may be combined with an
automatic setting, logging and monitoring system,

Survey of Automatic Control Projects

In table I, the data obtained from the institutes
dealing with some type of automatic control are
listed. The numbering is from Howard's list of
AVF and FM cyclotrons (these proceedings)
where more references can be found. At nine
laboratories, the first approach is being ela-
borated (c.f. section 3). At Michigan State
University, the automatic setting is combined with
the last method mentioned iii), whereas at
Eindhoven University of Technology, the
second possibility, control by measuring beam
properties without (obtrusive) interception of the
beam and a closed loop to cyclotron parameters,
has been worked out. This is performed in such a
way that a computer-aided setting procedure
can be easily added.

However, this is a point of money. As can be
concluded from table I, almost all institutes with
automatic control projects have decided to use
the CAMAC data handling system in various
degrees of implementation.
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GURD

You listed in your discussion of closed loop
control a number of items both pro and contra and,
if we just count them up, the score is very
heavily in favour of the pro's. I think, perhaps, it
might be better if you take the approach that we
saw a couple of days ago from South Africa and use
weighting factors. My own opinion is that, if we
did the South African trick, we would discover that
the contra's would outweigh the pro's, certainly
for the very elaborate systems that are suggested
in the latter part of your talk. In particular, the
contra's dealing with the complexity of the system
require a complete knowledge of both the beam
property vector, as you describe it, and its
relation to cyclotron parameters. In most of the
new machines, no such attempt is being made
because I do not think that the relationships are
sufficiently well known. The third contra that you
have mentioned concerned support and I am sure
that you will agree that in that area, such a system
requires a great deal of financial and personnel
support and a long programming effort. This
involves a great deal of cost and most of the new
facilities are not prepared to invest as much as [
think would be required in order to go that route.
Certainly, the evidence of the papers that have
been presented to the Poster Session on controls
indicate that the new facilities are taking a very
conservative approach towards closed loop control
in almost all cases - there are one or two
exceptions.

The four approaches that you suggest all
involve fairly complex mathemathical correlations,
going from the beam properties back to the cyclo-
tron parameter, but one can take a far more
conservative approach: namely, to deal with
individual parameters. Having set up, manually,

a cyclotron situation that is acceptable for
operation, one can then observe that the individual
parameters of the cyclotron stay within a pre-
determined limit and let the computer control
system keep the parameters where they belong by
making minor adjustments. I would also suggest
that an alarm be made announcing that a correction
has been made to the operation personnel. One
other feature which is not really closed loop but
which, nevertheless, most of the new facilities are
attempting and have done (it is the first step
towards the implementation of closed loop),is auto-
matic setting procedures to nominal values or to
values from previous experimental runs. I think
that the poster session indicates that most of the
few facilities are attempting to do this and that it
is a very easy task to accomplish. It is very time
saving, but it still leaves the responsibility in the
hands of the operator to close the loop.

There is one other matter which is really a
very different topic from those that you discussed,
and is still very controversial. Based upon the
poster session papers, we see that there are
varying approaches: namely, the approach towards
the console design and to, what in the jargon we
call, human interface. W. Joho suggested to me at

lunch a couple of days ago that the first decision
one has to make in designing a control console is
whether one wants to sit or to stand when operating
the cyclotron. Yesterday afternoon we saw a
control room at S.I. N. where a decision was
clearly made that the operators must stand and
walk around. This is one approach: a large
console, a large number of knobs and the
operator's stand. On the other hand, we have in
the poster sessions the opposite approach from
Indiana: the small console with only a very few
knobs. In this case, the operator remains seated.
At TRIUMF we have chosen some kind of a
compromise: somewhere between a standing and a
sitting position. I think some of the operators
would say that an attitude of prayer - on their
knees - is best. We have an intermediate size
console and a number of knobs, and I think you can
manage to get at them in a seated position if your
seat has wheels. This was controversial a few
years ago, but now, after having had some
operating experience on some of the machines with
the different philosophies of console design, I
think that we should comment on how they have
worked out in practice.

There is one other item which you did mention
in passing, and that is the problem of data logging.
In discussions with people around the posters
here today,I find different approaches concerning
data logging. I know that at TRIUMF, when our
approach to data logging was being discussed,
there were those who felt that we should log all
1000 parameters that were in the system at least
once a second and there were those who thought
that, perhaps on Wednesday morning one might
record the RF-frequency. Somewhere in between
is the compromise and I think that we might
discuss this to a certain extent: the type of data
logging, the medium of data logging and the use
to which the data is ultimately put in the light of
our experience today.

SCHUTTE

I have just one comment to make on the
weighting factor. I have indeed a list of eight
pro's and three contra's, but that does not mean,
for instance, that the weighting from the third
point, manpower and financial support, cannot
override the eight pro's.

BESSE

I was invited to give the statement of my
personal views on computer control. Since the
time is limited to discuss this item (probably for
some healthy reason), I want to make two short
remarks. The first point I would like to mention
is the general definition of computer control.

What is computer control? I think most of the
people use this definition very frequently and even
dealers of small cars, like VW, try to sell the
car using the name "computer diagnosis''.
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However, computer control, at least for the
accelerator control, is such an important part in
the general philosophy of a control system that we
are not able to skip this problem. I think everyone
working in the control room should really be faced
with the problem of what computer control means.

Generally speaking, computer control means
replacement of a traditional control system which
was only vaguely centralized . (Control being
centralized does not only mean equipment but also
responsibility). The old system was some kind of
single device, privately transmitted, point to point
connection with dedicated knobs and meters.
Therefore, there were advantages since it was
easy to buy, easy to understand and easy to repair
for everyone. Now we want to go to computer
control, which is more centralized in design and
centralized in responsibility some way,using
shared lines between devices and having less
private lines, knobs and meters, but, on the other
hand, more pushbuttons, keyboards and displays.
Now we have, of course, many advantages but you
have really to make use of them in order to be
happy with the system. However, at the same time,
the system indicates some kind of disadvantages.
For example, fewer people are able to understand,
to repair and to maintain the system. Therefore,

a serious system design is necessary. For this
reason, computer control does not mean, for me
personally at least, that you buy a big computer
or several less expensive ones and just have it
moved into the control room by workers, set up

a staff of programmers and ask your colleagues
what sort of problems they wish to have solved by
computer.

I now want to skip this problem and comment
on another one mentioned by D. Gurd before. This
is the human interface. I think that we should
choose the computerized way. Therefore, you may
decide to use some human interface devices which
are perfect in cooperation with the computer but
always imperfect in cooperation with the human
being. I now should like to point out that some
people have to sit down in advance and think about
how to operate the computerized system, which
delivers unbeliveably high logical power. It is fine
to make use of it but, generally, you will obtain
a limited number (one, two, perhaps three) of
human interfaces to the computer. This is, of
course, enough to deal with logical strategies like
multiparameter calculations, setup of the magnets
of a complete beamline, etc., but very little to
support every twiddling in the control room. Do
not forget that probably several accelerator
engineers and physicists want to deal
simultaneously with all the devices by not using the
computer power you want to give them. Therefore,
we furnished the control room with some, let me
say, old fashioned devices being able to just deal
with one, of course digitized, parameter at a
time. They are easy to operate so that everybody
can do it without any particular introduction, as
there are just knobs. In addition, we have, of
course, all the local adjustment possibilities for
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the engineers, i.e., they do not have to sit at the
intelligent console during the shut-down time just
to perform simple tests. If you now make use of
the correct system design you will be able to
support all manipulation the traditional control has
ever supported. Additionally, you will state that
those human accesses will keep the accelerator
people happy without considerably increasing the
total expenses.

CUSACK (from the Audience)

Do you think that a computer system could
improve a poor cyclotron by using closed loop?

BESSE

I would like to say, in short terms, that if you
have a very bad cyclotron with big instabilities
due to some thermal problems or something of that
kind, it would improve by using all this
information and feeding it back through the
computer. This means that, for example, if you
have hundreds of power supplies, the cost of
each of them could be lowered if you define
the stability just for two hours. I am quite sure
that every computer available on the market today
could pick up the information every half hour,
and make adjustements so that you are within
certain limits. I do not think that you could
improve a cyclotron by means of some very fast
dynamic loops wired over the computer.

CUSACK

Just one supplementary question: Do you think
that, if a computer (with open or closed loop system)
is implemented, it is worthwhile to incorporate it
into the original design of the cyclotron concerned?

BESSE
Yes.

GURD

I have an equally short answer to R. Cusak's
first question. It is "'no'".

SCHUTTE

I would like to state that, if you have a very
bad cyclotron, i.e., according to my opinion, a
cyclotron with bad beam properties, it cannot be
improved by computer control. If this were the
case, then my cyclotron manufacturers would be
very grateful.
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COLLINS (from the Audience)

Could I ask each of you to make a brief
comment on the degree of support that you would
consider necessary at your respective institutions,
in order to implement a good closed loop system?

v. HEUSDEN

You need a lot of time for measuring the
relations between beam properties and cyclotron
parameters: In our case it was about 30 % of the
beam time in the past. If you once know those
relations, the rest depends on the electronic
system you use. If you take CAMAC, for example,
then the coupling between the computer and the
cyclotron is no problem.

SCHUTTE

I think the question does not only refer to time
but also to manpower and finances.

v. HEUSDEN

Concerning manpower I cannot give a good
figure: we use a lot of students and I do not know
how to account for their contribution. In general,
we have four students per year working on this
subject in our laboratory.

Many things are made in internal workshops
of our University where you will never see a bill,
therefore. Also for mechanical and home-made
electronic parts, it is very difficult to make cost
estimates.

SCHUTTE

I think I can answer that for the Cyclotron
Laboratory at the Technical University of
Eindhoven. It is about 50 kSw. F'r. per year, not
counting the cyclotron time, wages and support
from the University's workshops.

v. HEUSDEN

One comment: The costs also depend on what
type of control you desire. Our case is a typical
research setup and that means that you do not need
to make the things too nice. If you plan the control
system to be used by the operators for normal
daily control of the cyclotron, O.K., you need a
lot of money. But that was not our case. Let me
pass now this question to S. Lewis.

LEWIS

The question covers a lot of ground. If you are
talking about one or two interesting feedback loops,
beam phase and something like one or two trim
coils, it might be a modest effort. If you are taking
a more long term view and eventually you would

like to close lots of complex loops, then you are
talking about a long term interface situation with
standards and cabling and generalized software.
It is pretty clear that this then involves several
hundred thousand dollars and something between,
say, 10 to 20 man/years of engineering plus soft-
ware. It depends just on what you want. I think it
also depends, to go back to the general remarks,
on whether you are talking about a mature cyclo-
tron to which you would simply like to add a few
nice features, or whether you are talking about a
brand new facility in which the decision is made
to have full computer control at the start.

BESSE

In our case, we try to balance out the costs
between computer control and some kind of
traditional control. It was quite easy to go to
computer control, because we have to deal with
a console of parameters on a high level of
accuracy. I think 400 or 500 parameters are
actually connected to the computer system. There-
fore, at least for hardware and system software,
the cost is somehow in balance.

It is a different question, of course, if you
want to use the installed computer power
optimally for the accelerator over many years.

In that case,you need (to improve beam quality

or stability) very highly qualified programmers,
mostly well qualified accelerator physicists.
Therefore, you have really to decide step by step,
which kind of soft-wired actions give you an
optimal benefit compared to manually controlled
actions.

GURD

The last men down the road can contribute
little, but I agree with the estimates given by
S. Lewis. At TRIUMEF, we have inadequate
computing power to do the mathematics that are
required, so there would be an additional expense
for computing power.

SCHUTTE

Thank you. I would like to postpone the
discussion for a while and go on with the general
comments by the remaining panelists.

LEWIS

I really think there are many types of benefits
to be gained from computer control, and I think
you do not have to take any one as a sole justifi-
cation for taking this approach. I think there are
many areas where the combination of the computer’
and the operator is really the best way to go and
I think you have to exploit each one for its best
feature. It is clear that operators, human beings,
are good at certain types of integral problems.
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Where there are many parameters, not all of which
are completely understood, still, a person can
make a judgment and come up with right solutions
a reasonable number of times. So you want to use
the operator as that kind of feedback element:
mainly in that type of situation where you are
talking about beam development and other kinds of
unknown questions. The computer is very good for
handling the drudgery. It also has a certain speed
advantage in well defined situations. So that is
where you want to use the computer.

If possible the computer should also help the
operator doing his job. This means that you put the
maximum amount of information at the operator's
disposal in a way that he can interpret it without
computer jargon making it less informative at the
end.I agree with D. Gurd very strongly that you
have to take a fairly conservative view and I think
there is nothing wrong in doing the obvious things
which are also useful. One of the obvious things is,
of course, the logging and monitoring. I think it is
clearly valuable to have good data on what you
have already done. They help you to find out
whether you have done things correctly or not. At
Indiana, we have considered setting, monitoring
and logging as being very important. We have also
taken the sit-down approach to the console, but we
have not abandoned the idea that knobs and meters
are good things for persons to interface with.

So to me, the reasonable approach, if you
decide from the beginning to go with computer
control, is to do certainly no worse than you could
have done with a conventional console. What you do
achieve is the attachment of the computer to all of
the things on which you eventually need to do the
more sophisticated kind of feedback. I think a very
difficult road to follow is to go half way at first and
then decide later on, you wish you had done a
somewhat better job. Then you have disruption and
duplicate costs.

For instance, one area where you can save a
lot is the cabling costs. With the centralized
data-bus, if you are careful about it, that is a
significant amount of money, which might pay at
least for the cost of the computer. It is really the
same order of magnitude. There are other areas
where you can begin with the computer which are
not, shall we say, controversial or critical. One
is the area of start-up, where the computer can
use some very simple equations which describe the
generalized beam dynamics, or do table inter-
polations. Essentially, it pre-sets the cyclotron
and then it is up to the operator to introduce the
beam in a controlled way and make the final
adjustments. The other area where the computer
can be very useful is for a shut-down. You can
pre-plan the strategies for shut-downs under
normal or emergency situations. That is probably
a place where the computer is in better shape than
the operator.

A lot can also be gained from just having
simple types of open loop control where the
operator has the knobs and the meters. For

534

example, super-knobs (one single knob controlling
a linear combination of parameters) are not very
complicated but very useful. One can do a lot of
tricks with just simple software which would be
rather expensive in hardware. Magnet cycling
strategies, automatic probe scans and so on -
nothing very difficult to do, but all of immense
value to an operator who is faced with a beam that
will not accelerate or disappears in a beamline.

I think, eventually, you will begin with local
strategies, i.e., very simple feed-back loops.
At Indiana, I hope we will get into a kind of global
feedback which contains a lot of arithmetic.
Again, I agree with D. Gurd that any present
computing power does not imply an immediate
rush towards the inversion of 20 x 20 matrices.
But if it appears fruitful, one can add computing
power for that purpose.

v. HEUSDEN

As many of you will know, at Eindhoven we
have a different situation, since we are working on
the research of the feedback control loops them-
selves. Therefore, I firstly would like to have a
look at three types of feedback loops, upon which
work is also done at other laboratories. Secondly,
I will comment on the use of a computer control
system as a diagnostic tool, e. g., to study the
extraction mechanism.

At first, I would like to review the RF-phase
control loops. As far as I know, there are three
laboratories working on this subject. The first one
is at Dubna, the second one at Michigan State
University and the third one is Eindhoven Univer-
sity of Technology. These three control loops are
all real closed-loop systems. In Dubna, the
control system samples the complete signal
induced on inductive pick-up probes (Anosov et al.,
these proceedings). From the shape of the induced
signal, the RF-phase can be determined by the
computer. In Michigan State University, the
control loop is carried out without a computer.
They have one capacitive phase probe in the beam
line outside the cyclotron and they use a sort of
phase-locking technique (Marchand, these
proceedings), described by Peter Miller two days
ago. This system, in fact, controls the RF-phase
continuously. The last example is the way we are
doing it. We are measuring the RF-phases with
capacitive probes at 13 radii and we have 10 pairs
of concentric correction coils at our disposal to
control the RF-phase. It is clear that you need
criteria to decide how many phase probes and how
many correction coils you really need. The
criteria can be found using Chebyshev polynomials
as orthonormal base (v. Heusden et al., these
proceedings). Furthermore, it is also a matter of
saving costs.

The second group of control loops I would like
to discuss is the optimisation of the extraction
efficiency. As far as I know, only at the Eindhoven
laboratory does this type of control loop exist.
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It is perhaps interesting to remark that this
control loop shows that, though the relations
between beam properties and cyclotron parameters
are really awful, it is possible to build a reliable
control loop (v. Heusden et al., these proceedings).
If you have an optimisation problem, you do not
deal with prescribed values for the beam proper-
ties, but you know that in the optimum the first
derivatives with respect to the different para-
meters are zero. Therefore, we are measuring
these derivatives continuously in the way already
mentioned by F. Schutte. The derivatives are zero
in the optima of the extraction efficiency.
Unfortunately, there are many optima.

We have shown that even in a very bad
situation, the extraction efficiency can be
optimised. The main point [ want to illustrate
is that, though it seems sometimes to be very
difficult, it is possible to build very reliable
computer controlled systems using beam proper-
ties as input data.

SCHUTTE

Would anyone like to comment on these state-
ments?

SCHROEDER (from the Audience)

I have the impression that, for existing
machines, the situation might be a little bit
different. In the first place, I think that adding a
computerized control system like, e.g., the one
of Indiana, would be extremely costly and hardly
useful. In the second place, I think that for the
smaller machines, like ours at Groningen,
computerized setting would hardly save any time.
The third point is that for smaller machines, may-
be the more useful things a computer control
system or a computerized system could do is
helping in beam diagnostics because the computing
power available makes it possible, not only to do
the job for the operator, but also to interpre the
results in a meaningful way.

GURD

I would like to comment on the last point first.
I agree that for small or large cyclotrons, one of
the most important tasks the computer can do is
to help with the diagnostics and do the analysis and
things of that nature. In such a way it can speed up
the improvement of the facility.

I think that it is difficult to accept the useful-
ness of adding a computerized control system to
a small machine. I believe that there is a fairly
close relationship between the cost of the control
system and the cost of the machine itself and I
think that, probably even for a small machine, the
computer has a good effect because of the help you
get with the diagnostics. The benefit from
computer control might not be so obvious for

small cyclotrons; on the other hand, one should
not overestimate the costs, since the fixed costs
for the computerized system are not so high. So,
even for a small cyclotron, it is probably worth-
while to implement computer control because of
the help you can obtain with diagnostics and other
applications.

BESSE

I also think that for very small and well-
known machines, there is no reason to start now
to computerize all the parameters just to have the
possibility of automatic setup or logging. It is
another case if you want to do (with the help of the
computer) something you have not been able to do
before. As a very rough estimate, [ would con-
sider the size of our injector, with approximately
80 parameters, as a lower limit where it is worth-
while to implement computer control on a running
machine. For new projects, I would set this
boundary line further down to the size of a
machine having 40 to 50 parameters.

LEWIS

I think it is pretty clear to everyone that, if
you have a very small research facility and a very
well understood cyclotron, you really do not need
computer control. There is one exception where
you want computer control and that is the situation
where you want the small cyclotron to be operated
by untrained operators instead of highly motivated
accelerator research physicists. One example
would be the medical field. You would like to send
these machines out, each one may be a little bit
specialized in a particular kind of therapy, and
you would like to publish a small instruction
booklet, no more complex than what you get to
operate a Xerox machine. In addition you want
safety and reliability. But we are mostly inter-
ested in research facilities and I agree that there
is probably a minimum size below which the
capital costs of the computer appears a bit too
large.

There are many qualitative judgements in-
volved, depending very much on how you allocate
the costs. The cost of a large classical control
room with the 500 knobs and 1000 meters it would
take to run a cyclotron of the size we are familiar
with, added to the cabling costs, would come very
close to the capital cost of the computer equipment
and the interface. So, then you are in the grey
area of allocating the manpower costs - how many
hours do your technicians spend running cables? -
how many hours do your programmers spend
writing programs? What it boils down to is the
spin off. When you have finished doing the con-
ventional system, there is not much more to be
gained. When you have finished the computer
system, you have actually increased the possibili-
ties.
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I would like to comment on another aspect. It
is a fact that, in small machines, we do not need
to make big data logging and such interesting
things. But there is another question: if you put
slits in the center of your cyclotron or if you have
the slits of the analyzing system, then the stability
of the beam depends heavily on the stability of your
cyclotron. Again, if you do not have a slit and
have an achromatic transport to your target for
isotope production, then you do not need any
computer control. But if you use really small
parts of your beam, then you depend on extremely
high stability and, in that case, it is very nice to
have computer control. It does not stabilize
fluctuations in a time scale of seconds, but small
drifts remaining from traditional stabilizing
circuits with a time constant of one minute or
longer. There is one more comment on the use of
the computer control as a diagnostic tool. If you
have phase shifts, then you have strange effects
in your external beam and if you have computer
control, then you can study those effects to
optimize the external beams for the experimenta-
lists.

BLOSSER (from the Audience)

I would like to comment on the question
regarding the benefits of installing computer
control in an existing cyclotron. I, of course,
agree about the benefits which have been mentioned:
setup, logging, trouble shooting, etc. I think,
however, that the major benefit will be in making
energy variability easy. We all have nominally
variable energy machines; yet in the published
literature almost all excitation function experi-
ments come from tandem laboratories. We have
exceeded the tandems on precision - when
computer control systems really work I think we
will also be able to outdo them on energy variability
and I think that will be perhaps the most important
benefit from computer control

ERDMAN

We are fortunate to have with us the dean of
cyclotron operators and the dean of cyclotron
builders in J. R. Richardson, who has started off
with knobs and has finished with computers. It
would be nice to have him give a final comment to
this discussion.

RICHARDSON

Since the 1972 conference, the computer
controls group and I have undergone a process of
mutual brainwashing so that, on the one hand, I am
very favourably impressed with the flexibility of
computer control and, on the other hand, the
control group is very conservative in closing loops.
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As an example of flexibility, I would like to
mention the adjustment of three of our 54 trim-
coils in a predetermined way with a single control.
Another example is my recent request to D. Gurd
to give us the display of a single parameter
formed by dividing the intensity of the cyclotron
beam by its axial width. This flexibility has been
very important for us.



Proceedings of the 7th International Conference on Cyclotrons and their Applications, Ziirich, Switzerland

537

sprW SwWoY = Wy

suerd ou = - |
pawaojaad = + Stminyut = J
3sed ut = d
_ _ _ _ 1013U0d
+ ] b 3 + 3d 3 doo] pasor>
+ - 3 - + n I d _ N 3 *wexed: 040
3 Furjosaxoo
+ - b + + ¥ + - I n . *doad wesq
Suranseow
+ + 3 + + b (+) 3d 3 + 3 Zumies
+ + 3 + + - + id 3 + + Zurzojruow
adAy
(1) (1 (1) (1) (1) () (1) (1 (1 (1) (1) [013U0D
wy .HMMMM \mcwwwwﬁ Is1og UMM«\.W@MM 10171 *Jug C[onN wolsAs
/ dIvs
2 ¢ ® 1 S 2% g¢ s¢ T sjead
*boe ejep
) ¥ ¥ (+) + + + + + + DVINVD
G¥/11d4ad’) Sutpue

dwodordtw wy+gdx (WY)Avod .Hm ma
*JIajur ep

pel= 2} *Do9d
- G96o1eD  Adod pairy g9goIeD - - —esiop T j1eyd 1 - 191301d

wy AL+ 00€ AL+ IEICE |
E] w - Kerdst

* TIEL T 199 € jigwer g yesdwop 4 AL 119%eL 7 TigeLz  SOTA e
orqeld 1 - Sax 1 WHI ¢ - VAON?Z %0d¥ ? G0 ¢ VAONZ - 2s1p
+ TINL 1 Sax 1 *degs | DAQ G °Ssed Y - - - DAd 2 adejdewr
. . . . . . . . . . . . s /owny
6°2 8°0 0°1 0°1 Z2°1T  0°2 0°1 0°1 0°1 0°1 8°0 0°1 o194
8 ¥ 8 02 4 43 ¥2 r43 ¥ 08 r43 21 y/Azouwrowa
31q/y3dus
91 91 91 91 21 91 81 91 91 91 9T 21 n\:wpo\m

S/111 S/8 0081 VAON
0009 W dwion G1/11dad gewsig ada  war = dad 01/ZVAON 0%/11ddd 0%/11ddd _10dng 3 q/8ddd 193ndwod
0Z10 o180 NSW purun NIS 103 S8 G ISMDIA  JAWATHL 100 23mTIS Ul
$9 16 9% (R4 9¢ ic 12 61 ¥1 S 2 (2-301)ou

s329foxd [(oajuo0o2 dDi1j3rWOlINY *1 2191



