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A long time ago, in a 
land far away
I have a confession. There are two rea-
sons I chose to study physics: I was an 
idealist and I was an environmentalist. 
What does this have to do with phys-
ics? Two words: nuclear fusion. Hey, I 
said I was an idealist! But, as life tends 
to go, I never got to nuclear fusion but 
I have had a very interesting journey 
nonetheless. And my good jobs, the 
ones I chose for the love of it, definite-
ly have one thing in common – using 
my training in physics to benefit so-
ciety, which I can now see was at the 
heart of why I chose to study physics 
in the first place.

My first job was at a national accelera-
tor facility, iThemba LABS [1] in Cape 
Town (South Africa) and it was certain-
ly a great way to start my career and 
in surroundings that even I find hard 
to believe. I’m not sure how many re-
searchers can stare out of their office 
windows and see zebra, springbok, 
bontebok and tortoises, which – for 
all of you that are wondering – is not 
normal even for Africa! 

While I had the grand title of Materi-
als Scientist, I spent most of my days 

Reminiscences of a Physicist: 
From Materials Scientist to 
Proton Therapy Control Systems

in front of my PC learning about 
new and interesting ways to solve 
inverse problems in ion beam analy-
sis. But sometimes I got to play with 
the nuclear microprobe at the end of 
one of the 6MV Van der Graaff beam-
lines. However, the other accelerator 
on the site - and the one that all the 
“big boys” played with - was a sepa-
rated sector cyclotron which provided 
proton beams up to energies of 200 
MeV. The cyclotron was, of course, 
used for fundamental nuclear physics 
research but it was also used to pro-
duce radio-isotopes. There was also a 
hospital on-site where cancer patients 
were treated with proton and neutron 
beams. So, my introduction to proton 
therapy was at an accelerator facility 
where the treatment was done using 
a research cyclotron! 

Many years later, when I found myself 
in a job at Cosylab in Slovenia, whose 
bread and butter was developing 
control systems for large scientific ac-
celerators, I felt like I’d gone full circle. 
Only now, instead of looking at things 
from the perspective of a physicist in 
research, I was looking at things from 
the point of view of a physicist in in-
dustry.

Once a physicist
As regular readers of Control Sheet 
know, Cosylab has its roots in research. 
For our newer readers, in the late 90’s 
Mark Pleško (Cosylab CEO), then a re-
searcher at the Josef Štefan Institute, 
convinced a group of his students (all 
physicists) that it would be a good 
idea to create a control system for 
an accelerator in Germany. After that 
project successfully concluded, they 
took the next natural step and Cosylab 
was born.

All Cosylab’s founders were physicists 
and the tradition of employing physi-
cists has persisted. Ok, to be fair, our 
technical personnel are also com-
prised of many engineers and com-
puter scientists :), but that’s what col-
laboration is about! And collaboration 
is another science tradition :). 

“If I have seen further, it is by standing on the shoulders of Giants.” Even though Isaac Newton said this in 1675, 
it is still perfectly applicable to the science of today. Scientists venture into the unknown by using the maps of 
those who have gone before. In true science tradition, Cosylab has used experience with large scientific projects to 
productize a turnkey medically certified control system.

Jaynie Padayachee (Cosylab)
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Your science going 
further
Cosylab has a strong knowledge base 
in big science accelerators, so it was 
only natural that our next step be into 
the realm of medical accelerators. But 
once a physicist, always a physicist, 
and we saw further… We developed 
a product for the proton therapy mar-
ket. The Cosylab Accelerator Control 
System (C-ACS) is a turnkey, medically 
certified accelerator control system.

And we had good maps to guide us 
into the world of medical accelerators. 
Surprisingly, they were not drawn by 
the giants of the medical industry. No. 
Our maps were based on the experi-
ence we gained from working on big 
science accelerator projects over the 
last 15 years. In each accelerator sys-
tem we worked on, whether in col-
laboration with an in-house controls 
team or independently, we learned. 

Since this knowledge led to the devel-
opment of the C-ACS as a product, we 
take this opportunity to acknowledge 
the shoulders that we have stood on: 
each big science accelerator project 
that we have worked on and learned 
from. Thank you. Know that your sci-
ence is going further than you might 
have thought! Your science is contrib-
uting to treating cancer!

[1]  iThemba LABS, http://www.tlabs.ac.za
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ABOUT THE AUTHORIn the end …
Building on the work of those gone 
before is a cornerstone of science and 
it is through this spirit that us Scien-
tists are helping make the world a 
better place to live. Hey, I said at the 
beginning I was an idealist!

If you would like more information 
on our medical control system prod-
uct, C-ACS, please contact   
matej.klun@cosylab.com or   
rok.gajsek@cosylab.com

The view from my office window during my first job as a Materials Scientist: (from top, then from left) zebra, springbok, guinea fowl, bontebok. Photos 
courtesy of Dr. Jolanta Mesjasz-Przybyłowicz
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Control Sheet: Hi Tom, it’s your sec-
ond interview for the Control Sheet, 
but last time I did not ask about your 
background. Can you introduce your-
self?

Tom: I’ve been with Cosylab for 8 
years now, like many here I started the 
first years still a student. For the past 3 
years, I have been stationed at Cosylab 
Switzerland, working primarily at the 
Paul Scherrer Institute on the SwissFEL 
project. Lately, I’ve been working more 
on the side of our industrial custom-
ers, for example with Qualysense AG. 

As far as projects in Cosylab are con-
cerned, I have varied experience, rang-
ing from ITER over PAL PLS2 (Korea), 
FAIR, SLAC, and quite a few others I 
can’t remember from the top of my 
head, it’s been quite a journey! :)

Control Sheet: You have a passion for 
what the software developers call the 
low-level stuff (real-time control, Linux 
kernel and embedded development), 
right? What’s so fascinating about it? 
What makes you tick?

Tom: To me, it’s simply that you’re on 
the border between hardware and 
software, and to do good architecture 
and design in that area you need an 
understanding of the full system: how 
the hardware behaves, how the soft-
ware behaves and how this particular 
system fits into a bigger picture. 

To me, it’s interesting because it’s chal-
lenging, because every use case has 
its own specifics, its little quirks that 
need to be resolved. So there’s this 
combination of seeing the big picture 
while being able to drill into some 
little detail. For example, when you’re 
dealing with a Linux kernel problem, 
you sometimes need to go as “low” as 
profiling the cache misses, to properly 
manage the memory layout. 

Control Sheet: And I would specu-
late that the combination of the big 
picture view and the ability to drill 
down helps in debugging scenarios?

Tom: Absolutely! In debugging at that 
level, you need to really understand 
how different parts of the system in-
teract with each other, and what their 

responsibilities are. Low level prob-
lems first appear on the surface right? 
At the top software layer something is 
reported as going wrong, but in real-
ity, something deep down is caus-
ing the trouble. Even to just pinpoint 
where the real problem is you need 
to understand the whole system, its 
various interactions and subsystem 
responsibilities. First you determine 
which layer is misbehaving compared 
to the specs, and then you drill down 
further through that layer. Especially in 
the low level, like in the kernel, things 
get “messy” as you may lack basic de-
bugging tools. Often there is no firing 
up gdb as in the user space and in-
specting the memory when you have 
a kernel panic. This kind of problems 
requires different approaches to de-
bug. 

Control Sheet: I understand you do 
have a workflow to follow, you can’t 
just dive in, looking for the needle in 
the haystack

Tom: Exactly. There’s a structured and 
systematical way, following how the 
architecture was laid out.

Control Sheet: Your latest project is 
on Beckoff hardware; can a Linux guy 
be excited about windows–based 
platform? :)

Tom: Yes, our latest project [on a 

Can industrial PLCs do hard real-time?
For this episode of Introducing the Experts, we interview Tom Slejko, senior control system architect at Cosylab.
He tells us about his fascination for the “low-level”: the borderline area between software and hardware in de-
manding real-time applications. Next he tells us of his experience with off-the-shelf industrial automation tech-
nology for such applications and finally he discusses possible cross-pollination this technologies can establish 
between the Big Science and the Industrial Automation domains.

Tom Slejko

Cosylab Experts
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computer-based system for sorting of 
agriculture harvest] consists of a fairly 
complex real time control system. The 
realtime part of it is implemented as 
a Beckhoff real time PLC. The other 
part that does the heavy liftng of data 
analysis and classification is a nor-
mal industrial PC. So again, we have 
the bridging between two different 
worlds doing two different things.  
Real-time critical things within the PLC 
reaching timing performance on the 
scale of 10s of microseconds, whereas 
on the other hand there is the indus-
trial PC that is doing really complex 
algorithms based on Machine Vision 
on input from a plethora of different 
sensors. Here throughput is really im-
portant. 

We’re using Ethercat to do all the in-
puts and outputs, and we’re using an 
extension called XFC, or Extremely 
Fast Communication, on top of the 
Ethercat, which provides microsecond 
level of timing accuracy.

Four or five years ago, this was  
almost unheard of: that you would 
use standard industrial PLC equip-
ment to achieve such a high timing 
precision. You would default to using 
a lot of custom FPGA development. 
Today with the right approach and ar-
chitecture, and a little bit of ingenuity, 
you can reuse solutions available on 
off-the-shelf hardware!

Control Sheet: I’d say that’s a para-
digm shift?

Tom: Most certainly. I’m sure this shift 
will become more obvious over time, 
also in the accelerator world. I expect 
a shift to seeing more industrial sys-
tems being employed for most use 
cases [in accelerator control] and leav-
ing the custom development for a 
few very specific areas like Low Level 
RF and Diagnostics. Beamline control, 
motion control, this can in principle all 
transition to industrial based systems. 

The industry has solutions that work, 
are field tested and are significantly 
cheaper in terms of total cost of own-
ership. The managed lifetime and 
guarantees that come with the indus-
trial hardware is a big factor in this. It 
significantly impacts maintainability.

Control Sheet: On what kernel does 
the real time PLC run?

Tom: Beckhoff PLCs all run on Win-
dows, which can be surprising to some 
ears. They use it in a specific way: they 
isolate certain cores to run exclusively 
the Beckhoff runtime environment, 
the real time part of the system and 
one or two cores are available to run 
general windows, with the interfacing 
benefits that come with that platform.

Working in Linux has its advantages 
over working in Windows, since work-
ing with a non-open source operat-
ing system always limits the amount 
of customization you can do and the 
amount of control you have over the 
internal processes. But I perceive the 
Beckhoff system as a stable system 

that works out of the box (black box), 
and the fact they have a long history 
building solutions on Windows surely 
contributes to that. It makes the un-
derlying OS pretty transparent to the 
developer as they “live within the 
Beckhoff development and runtime  
environment” 

Control Sheet: You mentioned a flow 
of technologies going from Industry 
into the Big Science domain. Would 
that facilitate knowledge flowing the 
other way? That insight from research 
can be applied in the industrial world?

Tom: To a degree, I would say yes, es-
pecially for these time critical things. 
Usually, in the industrial world things 
are not so time critical, we’re looking 
at a timescale of say a millisecond. 
There are not many use cases yet 
that demand the “high end solutions” 
we talked about earlier. But that will 
change, and at that moment, the ex-
perience gained in Big Science, test-
ing these technologies, will flow more 
easily to the industry as the platforms 
are already known there. Industry likes 
to stick to things that have proven to 
work reliably, compared to the free-
dom to experiment in the scientific 
domain.

Control Sheet: So that sounds like 
a definite yes, a touchpoint between 
these two worlds! Tom, thank you for 
your precious time, it was very insight-
ful!
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Integrating the ESS Accelerator 
Cryoplant into EPICS

Introduction
The European Spallation Source (ESS) 
will be the world’s most powerful 
pulsed neutron source to provide a 
means for multidisciplinary research 
in areas such as materials science, life 
sciences, energy, environmental tech-
nology, cultural heritage and funda-
mental physics. The first experiments 
are planned for 2023 with the com-
mencement of the user programme.

The accelerator will contain three 
cryogenic refrigeration/liquefaction 
plants and an extensive cryogenic dis-
tribution system. The accelerator cryo-
plant (ACCP) is the largest of the ESS 
cryoplants. Its main purpose is to cool 
the superconducting RF cavities to a 
temperature of 2 K via saturated He-II 
baths through a number of cryomod-

In this article Ivana describes how Cosylab was able to adapt an industrial solution for a cryoplant, delivered by Linde Kryo-
technik, to the custom requirements of the ESS EPICS environment.

ules. Apart from that, a forced flow of 
4.5 K Helium is supplied in a second 
circuit to cool the RF power couplers 
and a third circuit provides Helium at 

around 40 K to cool the thermal radia-
tion shields. The ACCP provides cool-
ing for all three of these circuits.

The two main ACCP subsystems are 
the warm compressor station and the 
coldbox. The warm compressor sta-
tion consists of three oil lubricated 
compressor skids with a bulk oil re-
moval system and oil and gas filters, 
a final oil removal system and a gas 
management panel (GMP) consist-
ing of valves and pipe terminals for 
the process control. There is a single 
coldbox with a number of heat ex-
changers, expansion turbines, a cold 
compressor system, adsorbers, filters, 
electrical heaters and other equip-
ment.

Example of a cryoplant, courtesy of Linde Kryotechnik AG
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General Process Flow Diagram of cryoplant, courtesy of Linde Kryotechnik AG

Ivana Mustac (Cosylab)

https://europeanspallationsource.se/
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A number of manual and remote 
valves will be installed for differ-
ent purposes, for example, to isolate 
specific loops, to protect the system 
against loss of oil or Helium and safety 
valves to protect the system against 
overpressure. Measuring points nec-
essary for operation and protection 
of the equipment include Helium 
mass flow and water flow measure-
ments, position measurements of all 
control valves, limit switches for man-
ual valves, oil level measurements, oil 
and Helium pressure measurements, 
impurity measurements, Helium, wa-
ter and oil temperatures, and others. 
These measurements, and control 
over the above-mentioned devices, 
will be exposed to the operators by 
the ESS control system.

Control System 
Architecture
The ACCP control system schema is 
shown below. Control over all func-
tions with substantial technical safety 
requirements and deterministic se-
quence programs is carried out by a 
Siemens Step 7- 400 PLC. All relevant 
control points are collected and pro-
cessed by the PLC and distributed 
and exposed to the operator via a 

dedicated IOC running EPICS. The in-
terface between the PLC and the IOC 
is implemented through the s7plc 
EPICS driver, which is based on the 
Siemens send/receive protocol. Two 
touch panel PCs are installed as local 
displays, one in the compressor build-
ing and one in the coldbox building. 
The IOC and touch panel PCs run the 
standard ESS operating system with 
the ESS EPICS environent. Operator 
applications are implemented in Con-

The ACCP control system schema

The control system of a cryoplant handles a lot of complexity (photo Linde Kryotechnik AG)
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trol System Studio (CS-Studio).

The EPICS database covers the input/
output of all relevant control points 
and additional functionalities such 
as the communication logic with the 
PLC, recovery of set-points after a sys-
tem shut down and locking access to 
a single workstation. Data that is sent 
from the PLC to the IOC is stored and 
recovered by the PLC while IOC set-
points are stored on the IOC. The EPICS 
database provides the option to either 
initialize all data to their last values on 
the IOC, or to copy their respective 
readbacks from the PLC. Furthermore, 
since the ACCP graphical user inter-
face (GUI) will run on several worksta-
tions, modification of set-points will 
only be possible after access has been 
locked to the current workstation. This 
prevents concurrent tuning of the sys-
tem from separate workstations.

Graphical User 
Interface
An extensive graphical user interface 
has been produced that provides an 
overview of the several thousands of 
control points and grants control to 
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operators with higher security privi-
leges.

The GUI screens have been designed 
for a 1280x1024 touch panel PC. The 
design of the GUI screens has been 
optimized to take into account the 
need for quick navigation and other 
requirements for touch interfaces 
such as the size of elements and mini-
mal spacing between elements. Addi-
tionally, clickable elements have been 
given a raised style.

Since the ACCP is a large and compli-
cated system, the GUI has been struc-
tured hierarchically. At the top level, a 
process diagram  of the whole system 
gives a quick overview of the cryo-
plant’s most important measuring 
points. The process diagram is reach-
able at all times by a single click. 

From here, the operator can easily 
zoom into sections of the ACCP, for 
which 21 synoptic process screens 
have been developed, and navigate 
along the process lines in each direc-
tion.

Each screen is composed of two main 
sections, a header and a body. The 
header section contains a menu bar 
and displays important information on 
the communication with the PLC and 
gives an overview of the alarm status. 
The header also contains navigation 
buttons. The header is displayed at all 
times. 

Control over what should happen 
after an IOC restart is granted to op-
erators with appropriate access rights, 
who can decide whether to load the 
data recovered by the IOC or to copy 
read-backs from the PLC to the IOC 
set-points.

Control over parameters of individual 
instruments such as valves or pumps 
is achieved from the respective engi-
neering screens, reachable by clicking 

the corresponding element on the 
process screen. These tabular screens 
appear in a new tab, in order to pre-
vent the clutter of an uncontrolled 
number of separate open windows. 
Overall start-up control over individu-
al subsystems is performed from start-
up engineering screens, while another 
set of screens displays start-up and 
shut down conditions, all reachable 
from the menu bar in the header sec-
tion.

Automation of Control 
System Development
Due to the complexity of the ACCP 
control system, extra attention has 
been paid to automate as much as 
possible. The PLC variables and all rele-
vant information are parsed by appro-
priate Python scripts in order to create 
the EPICS database and configuration 
files for services such as the alarm han-
dler and archiving service. This ensures 
that all services are up to date with the 
EPICS database. Templates were used, 
where possible, for the screen design. 
Apart from simplifying development, 
this approach reduces errors and sim-
plifies testing of the GUI screens, since 
it is necessary to check only one in-
stance of each template.

Conclusion
A large and complex system like the 
cryoplant is always customized by an 
experienced supplier, such as Linde 
Kryotechnik, the market leader for 
croygenic solutions. However, when 
considering a very large facility like 
ESS, it is extremely important that all 
systems get integrated into the central 
control system in the same way, i.e. to 
use the same technologies as are used 
for other subsystems. This is important 
for operators and becomes a neces-
sity when considering maintenance 
throughout the system’s lifecycle.

Special emphasis was put on man-
aging configuration of the devices in 
the cryoplant as this changes during 
development and testing. Also, all the 
complexity of the subsystem requires 
many GUI screens, the development 
of which was a major part of the proj-
ect.

Cosylab was able to provide the miss-
ing link between cryoplant supplier 
and ESS, and thus adapt the industrial 
solution to the custom requirements 
of the ESS EPICS environment.

Ivana Mustac started working at Cosylab in 2015. She 
holds a Ph.D. in Physics with a topic in elementary par-
ticle physics. A major project she worked on is the ELI-
NP in Romania (ELI-NP will study photonuclear physics, 
using two 10PW ultra-short pulse lasers and a very bril-
liant tunable gamma-ray beam) Ivana developed GUIs 
and applications of the gamma-ray beam EPICS-based 
control system. Now she works on the aforementioned 
ACCP EPICS integration project. Her hobbies are danc-
ing and climbing.
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On 26th of January, we were visited by a delegation of Japanese 
high government officials from the State Minister of Health, 
Labour and Welfare. The purpose of the visit was to gather in-
sights into our working culture, and care for well-being of our 
employees.

PICTURE BOARD Meet us at the IPAC at booth 607.

In March, we had many ambitious young folks visiting us to 
see what they could do in the future.

Mark with Mr Hideki MAKIHARA, State Minister of Health, La-
bour and Welfare of Japan.

On 13th of March, we were visited by technically oriented 
high school students from all over Slovenia, who are partici-
pating in the “International Masterclasses” project at Institut 
Jožef Stefan.

And on 14th of March, we held an Open Day for ambitious 
and curious students, where they got to learn about our proj-
ects, technologies, culture, and also job opportunities.

https://ipac18.org

