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Why Getting to Space Takes so
Long (And Is so Expensive)
Dr. Diego Casadei, Head of Space R&D at Cosylab

“Rocket science”, apart from being a well-defined engineering sector in astronautics, is also an idiomatic expression indicating something overly complex, detailed or confusing. Well, Wikipedia [1] also tells us that it is the title
of several musical and entertainment shows … and “it’s not rocket science” is a way of telling somebody that you
don’t think that something is particularly difficult to do or understand.

The biggest issue in space
Surviving the Launch
and Operating in Space science
I work on space instrumentation since
the late nineties and I still find this field
very stimulating, thanks to the many
technical challenges, which are often
addressed with brilliantly simple solutions. But I tend to agree that the actual discipline has much in common
with the idiomatic meaning of “rocket
science”. In the first lab where I worked,
at the INFN Bologna, where we developed the time of flight system of the
Alpha Magnetic Spectrometer [2], we
attached a panel with a modified version of Young’s Handy Guide to the
Modern Sciences [3]:
◊
◊
◊
◊

If it is green or it wiggles, it is Biology.
If it stinks, it is Chemistry.
If it doesn’t work, it is Physics.
If it doesn’t work and costs billions, it is
Space Science.

You can guess which was our addition.

After two successful space missions
(AMS-01, operated on the NASA shuttle Discovery in June 1998, and AMS02, installed on the International Space
Station in May 2011 and still in operation), one instrument already delivered to ESA and waiting for the flight
(STIX on board of ESA Solar Orbiter, to
be launched in 2020), and one instrument under development (MiSolFA), I
got convinced that the biggest issue
in space science is the couple of contrasting requirements that
1. the new mission should bring orders
of magnitude improvements to have
any chance of being selected and
2. one should only use known-to-work
(i.e. obsolete) systems in space.

As it is usually impossible to achieve
breakthroughs using old technology, the solution is to develop and
“qualify” new systems, designed to
satisfy demanding requirements in
terms of limited mass, volume, power
consumption and dissipation, electromagnetic noise and susceptibility, and
telemetry. When talking about “space
qualification” we usually mean a quite
precise process, to make sure that the
equipment is capable of withstanding the severe conditions during the
rocket launch (strong vibrations, vent-

ing due to quick depressurization, and
shocks in correspondence of detaching segments) and the harsh conditions during operation (vacuum, big
thermal excursions, high radiation).
Let’s consider one particular example,
the thermal range. For a given orbit
and desired satellite attitude (in the
sense of orientation [4]), the Sun will
illuminate it with an incidence angle,
which in general changes with time.
Satellites in low-Earth orbits (say 400–
800 km above the sea level) typically
enter the Earth shadow once per orbit (i.e. typically once every 1.5 hours
or so), which makes a big difference
in terms of absorbed power. Thus, a
simulation is carried on to estimate
the temperature at different points of
the spacecraft, taking into account the
emission from the Sun and the power
dissipated by each device, and the resulting temperatures are plotted as a
function of the time. As the initial simulations do not contain very realistic
satellite configurations, conservative
assumptions are made about the local
heating and the heat flow from hot to
cold regions (and eventually irradiated
to space).
Next, different orbits and attitude
changes are accounted for, obtaining
an envelope which should almost certainly contain the actual conditions.
The maximum and minimum temper-
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Vibration tests of MiSolFA components:
Now you can understand why space
projects take so long (typically 10–15
years from proposal to space) and are
so expensive. On the other hand, they
are very reliable: the number of failures in space is remarkably low, considering the high complexity of the
development process (spanning years
with heterogeneous groups with high
turnover) and the extreme conditions
to which the systems are subject.

NASA, Space Shuttle Discovery

atures with operative and non-operative equipment are then recorded as
the expected mission range (“non-op”
temperatures enclose the operational
range, of course). The uncertainty on
the simulation is quantified and is then
added in the most conservative way,
i.e. by subtracting it from the minimum temperatures (non-operative
and operative) and by adding it to the
maximum temperatures (operative
and non-operative). This is taken as
the “acceptance range” for the Flight
Model (FM) of the instrument (or satellite), which must be tested against
these limits before being accepted
for the integration on the satellite (or
rocket). However, the “qualification
range” is wider than this “acceptance
range”: additional margins are applied
(in the most conservative way) and
the “Qualification Model” (QM) should
be tested successfully within the qualification range. The QM is identical to
the FM, but it gets overstressed by the
qualification tests, hence it’s preferable not to send it to space. In short,
the FM must pass all tests at acceptable levels, but only after the QM was
shown to be successful at qualification
levels (hence it is preferred to build
the FM after the QM, to have a chance
to make changes, in case qualification
tests go not so well). Similar procedures are applied for vibration testing,
and for electromagnetic compatibility.

How to Design Space
Instrumentation

Careful design, tremendous
attention to QA/PA and failure
analysis
The key to success is a careful design,
coupled with tremendous attention
to quality and project assurance (QA/
PA). The development process follows
a stage-gate approach in which positive results must be demonstrated in
order to get permission (and money)
to perform more complex activities.
The first big intermediate milestone
is typically the Preliminary Design Review (PDR) of the Engineering Model
(EM) documentation, including any
preliminary tests carried on with subsystems. Once the PDR is approved,
most often after having addressed all
RIDs (RID = Review Item Discrepancy)
issued by the space agency, the construction of the EM can take place.
The EM is usually built with commercial components, with the same functional properties as the flight-quality
ones, because they are much, much
cheaper.
During the design phase, one must
assume that failures will happen, and
make them as unlikely and unimportant as possible. Typically, once the EM
shows that one can achieve the desired functionalities with the initial design using commercial components
and materials, a failure analysis is
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performed. For an electronic board, for
example, a simulation is performed by
varying independently all parameters
(e.g. resistance, capacitance, inductance) according to their tolerances,
and the currents and voltages in all
input and output lines are computed
for all combinations of parameters,
to find if any of them will exceed the
allowed ranges. Furthermore, single
points of failure are searched for, to
discover whether any single malfunctioning component may cause a
severe or total loss of functionality. If
so, the design is reconsidered, to add
protections and/or redundancy. But
this is not all: a complete failure tree is
obtained, to study if and how failures
may propagate. A failure causing the
loss of a redundant functionality may
be tolerated, provided that its probability is low enough during the expected mission, such that it happens
at most only once. On the other hand,
a failure propagating to the higher
level and causing the loss of important functionality (possibly up to the
entire mission) is very dangerous and
must be avoided by all means (up to
deciding not to install the guilty instrument!).
One must assume that failures will
happen, and make them as unlikely
and unimportant as possible.

Space debris may also be caused by incidents
due to bad design.
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The road from design to the
flight model
The design of the flight model may
go through several cycles until the
Critical Design Review (CDR) of the
instrument or satellite is successful. At
this stage, the permission is given to
start manufacturing the Qualification
Model (QM), which will then undergo
all qualification tests. Once they are
successful, the Flight Model (FM) is
built and tested at acceptable levels. If
the qualification test results spot unforeseen problems, they have to be
solved, possibly with some (hopefully
very minor) redesign, and the solution
must be shown to be appropriate (i.e.
the test is performed again).
Of course, all redesign activities are
accompanied by revisions of the existing documentation and the creation
of additional documents (e.g. test
reports). Thus, working on the documentation takes about half of all human resources.
Once the FM is ready, before it is accepted for the actual mission, a number of things need to be done.
1.

2.

The End Item Data Package (EIDP)
need to contain all relevant documents (grouped into about 40 categories for ESA) and is submitted before the FM is delivered, for the final
review.
One of the most important pieces of
information in the EIDP is the Verification Control Document (VCD), most
often called Verification Control Matrix (VCM) because it is a big (big!)
table. The VCD/VCM lists all requirements, tracking where they originate
from, which model (EM, QM, FM)
should satisfy them, how they are verified (by design, by analysis, by test),
whether the system to be delivered
is compliant, not compliant (NC), or
partially compliant (PC), which document shows the requirement compliance, and which documents track NC
or PC requirements.

Control Sheet
The latter step is quite tricky indeed.
Here I describe what happens with
ESA projects. Any requirement to
which our system is not fully compliant is first documented by a Non-Conformance Report (NCR), which must
be issued not later than 24 hours after
the non-compliance has been found
(e.g. with a failing test), communicated to the higher level (up to ESA, if it
affects a flight unit), and discussed in a
NRB (Non-compliance Review Board)
in a meeting held within the next two
days. When a solution is found acceptable in the NRB, consent is granted to
apply the proposed changes and repeat the test. However, the NRB may
take a long time to agree on the solution, which means several meetings
and a possibly significant delay for
the project. The NRB needs also to approve the solution, by validating the
last test results in the last meeting in
which the later are reviewed and a formal document is signed by all parties.
Often a requirement is not satisfied,
but the actual test result is not far from
it. In this case, a Request For Deviation (RFD) may be issued by the team
working on the NC system, which in
our example with temperature ranges
means that, instead of the original levels, it is requested to accept a smaller
temperature range. Given the conservative way in which all uncertainties
and margins are applied when defining qualification and acceptance levels, the RFD may be accepted, espe-
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cially in case of a small deviation from
the target limit.
However, sometimes an NC requirement simply cannot be satisfied. In
this case, a Request For Waiver (RFW)
is issued, which basically asks the
higher level to accept a non-compliance. Accepting an RFW is sometimes
easy when for example people realize that that particular requirement
makes no (more) sense in the current
stage. However, in general, an RFW
is a big issue because requirements
exist to guarantee that different systems do not interfere with each other.
Hence the originator of the requirement needs to be identified and interviewed, and all possible implications
of the non-compliance on other systems have to be discovered. Sometimes this is a hard task, because the
non-compliance may be discovered
10 years after the original requirement
was formulated, and the persons behind it may be no more around. This
is another reason why the VCD/VCM
must be kept up to date and it is typically a living document, revised many
times and by different people during
the course of the project.
So, it may happen (and it’s not so uncommon) that this fundamental document becomes “something overly
complex, detailed or confusing”, fully
justifying the common-language
meaning of “rocket science” :)
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Why Is Standardization
in Space Technology so
Important
Designing and developing for
critical situations

Design and development must account for very stringent limitations in
mass, volume, power, bandwidth, still
achieving robust solutions requiring
no in-situ intervention from the launch
onward. Testing and verification must
prove beyond any doubt that the
equipment is going to withstand all
critical situations and still remain capable of delivering value through full
functionality for the entire mission
duration. The approach is so conservative that, most often, if no accident
happens early on, a satellite will continue working well beyond the nominal mission duration, through one or
more “extended mission” phases that
are approved and financed from time
to time.

Why is standardization
in Space Technology so
important?
During the lifetime of each project,
all these activities produce a large
amount of information. Thus, all space
agencies are collecting and organizing knowledge from their missions,
from design to manufacturing (e.g.

Too many different standards

by keeping a list of allowed components, processes, and materials), from
testing to mission records. New projects are supposed to know all relevant
previous information and are required
to be compliant with various recommendations, in addition to the mission specific requirements.
Two important knowledge bases are
the European Cooperation for Space
Standardization (ECSS) and the NASA
Technical Standards System (NTSS).
I must admit that, at least for ESA and
NASA, the historical records are so big
that one cannot pretend to know all
of them.

In practice, we focus on what is declared as an applicable requirement
and try to follow all known recommendations, but also rely on the reviews performed on the space agency
side, where experts exist, who can find
actual or potential issues in all fields.
Too many different standards
Anyway, for space projects performed
in Europe, the ECSS is a “must”: everybody should at least get a feeling
about the ECSS recommendations
(which in practice are strict rules, don’t
be fooled by the terminology!) concerning her/his own field of competence. Both ECSS and NTSS are organized per discipline, with many books
per discipline.

ECSS

Lots of docs

◊ Engineering
◊ Many books on practically all technical
subjects
◊ Management
◊ Project management á la ESA
◊ Product Assurance
◊ Many books on practically all technical
subjects
◊ General and System Documentation
◊ Space debris mitigation requirements
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◊ ECSS Applicability Requirement Matrix
(EARM) — Important!

NTSS
◊ Documentation and Configuration
◊ Systems Engineering and Integration,
Aerospace Environments, Celestial
Mechanics
◊ Computer Systems, Software, Information Systems
◊ Human Factors and Health
◊ Electrical and Electronics Systems, Avionics/Control Systems, Optics
◊ Structures/Mechanical Systems, Fluid
Dynamics, Thermal, Propulsion, Aerodynamics
◊ Materials and Processes, Parts
◊ System and Subsystem Test, Analysis,
Modelling, Evaluation
◊ Safety, Quality, Reliability, Maintainability
◊ Operations, Command, Control, Telemetry/Data Systems, Communications

Control Sheet
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So now you know where to look at, in
case you want more details on specific
subjects. If you look for your next “mission impossible”, then a space project
might give you enough adrenaline (or
headache :) ) for quite some time.

ABOUT THE AUTHOR
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“I try to give people what I wanted for
myself when I was in their place”
Interview with Mark Pleško, our CEO
“There is something Napoleonic in me, as I like to build ‘empires’. It inspires me to constantly search for opportunities for growth,” says scientist and entrepreneur Mark Pleško, CEO and co-owner of Cosylab. But he doesn’t stop
there. In the same breath, he adds that ethics and honesty are equally important values to him. And despite the
fact that he attributes his business success to luck, doubtless, the basis of his success story is the intertwinement
of ethics and ambitiousness.
Control Sheet: For a start, can you
give us an overview of Cosylab?
Mark: Cosylab, established in 2001, is
a world-leading company specializing
in control systems for particle accelerators, radio telescopes, and other
physics facilities. We have been doing
business worldwide from the very beginnings, with branches located in Silicon Valley, Switzerland, China, Japan,
and Sweden.
Soon, we’re adding Poland, and maybe
Russia to the list. The key to creating
new market segments are our people.
Ideas are not the problem. The challenge is in structuring the idea and realizing it — the most important part of
innovation is turning ideas into something and that also brings in money.
Control Sheet: When you received
the Slovenian Chamber of Commerce
and Industry (GZS) award for outstanding business and entrepreneurial achievements, you said that there
are two types of people: those who
are rational, who take society for what
it is, and those who are irrational, who
want to change everything at once.
From this, we can deduce that people
that really change the world aren’t understood. You consider yourself to be
the latter. Why?

Mark Pleško

Mark: Maybe I didn’t express myself
well. I wanted to quote George Bernard Shaw, who said that “all progress
depends on the unreasonable man”.
He didn’t mention being misunderstood.
But in a way, you’re right: many visionaries aren’t understood by their
surroundings. That’s why it’s up to
them to change the world according
to their vision and show people what
they had in mind and that it can be
done.
Why I consider myself to be the latter? Because I am “nuts” and stubborn
enough that I keep wanting to change
the world, or at least my surroundings,

according to my vision (laughs).
Control Sheet: You’re a physicist and
an entrepreneur. Despite having a
great insight into relations between
matter and its movement in space
and time, a businessman also needs to
understand the “living” part of nature
well, the human relations, trends. How
do you combine these seemingly incompatible roles? Do you understand
business differently or better as a natural scientist? Can it be a basis for a different perspective?
Mark: That’s very insightful. It’s true!
Entrepreneurship and business, in
general, are based on human rela-
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tions. Which is why we, the natural scientists, usually have trouble with clear
and understandable communication
with people from other fields. It seems
I am lucky to have both talents.
But every good businessman also has
to understand the domain in which
they operate. A hairdresser also needs
to be good at cutting hair; it’s not
enough if they’re only good at talking with their clients (laughs). Well, as
an entrepreneurial physicist it makes
sense to specialize in high-tech because I am better at understanding
it then say, financial services. On the
other hand, I have less competition
than I would if I were dealing with real
estate.
Control Sheet: People describe you
as a warm, family man. What does
family mean to you, how do you balance family and business?
Mark: I live only one, singular life, if I
can say so, so I don’t have a separate
time for family and business. I live everything at once and I am always intensively, 100% dealing with what’s
in front of me. If there is some urgent
business affair, I’ll do it during the
weekend. But if the kids are at home
during working hours, then we’ll
spend some time together.
It’s important that I’m focusing on the
moment that I am living right now.
It works somehow, and I can say that

Control Sheet
even after 28 years of marriage and
two children studying at university,
we’re still getting along great.
Control Sheet: Cosylab has become
the global leading expert for control
system development for particle accelerators, radio telescopes, and other
physics facilities. What do you attribute the success to?
Mark: Mostly luck. It’s self-evident
that the success came with a lot of
hard work, sacrifice, but most of all
brilliant co-workers. But I was also
lucky to have found them. Anyway,
my mantra is that a good businessman knows how to grab luck by the
collar when it passes them.
Control Sheet: What guides you in
business? What inspires you, what excites you?
Mark: It seems there is something
Napoleonic in myself, as I like to build
“empires”. It inspires me to constantly
search for opportunities for growth.
Readers can judge for themselves if
it’s ethical or not, but that’s me — that
drives me.
Cosylab’s success is the proof that on
the long run, you get further by being
fair to others; in a sense “you’re ok, I am
ok”, either to a co-worker, partner or a
client.
At the same time, ethics and honesty
are equally important to me. Both

This year, Mark Pleško received the Slovenian Chamber of Commerce and Industry Award for
outstanding business and entrepreneurial achievements.
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nature and nurture gave me this interesting combination, which luckily
prevents me from harming others because of my ambitions, or walking on
the thin line of legality. I always want to
do everything in a way that is good for
everyone. Not by dividing everything
between everyone, but by creating
something more, so that there is more
of something for everyone. On the
short term, I could probably achieve
more by being egoistic and cunning.
But, Cosylab’s success is the proof that
on the long run, you get further by being fair to others; in a sense “you’re ok, I
am ok”, “you” being either a co-worker,
partner or a client.
Control Sheet: One of Cosylab’s
most prominent strategic projects is
the Proton Therapy Centre for cancer
treatment. The value of the project of
building a regional center for the most
advanced proton therapy is estimated
at 130 million EUR. When will it be
built and where?
Mark: It’s still too early for exact answers. First, we still have to find the
130 million EUR. We’ve already identified 3 possible locations; one is the
Medical Valley promoted by Slovenian
Innovation Hub.
Control Sheet: Proton therapy is
considered to be an advanced cancer
treatment because it has fewer side
effects for patients. What are the key
advantages of the therapy and possible challenges? How many of the
14000 cancer patients that are diagnosed annually in Slovenia could be
treated with Proton therapy?
Mark: If we compare the numbers
to the countries that are already using proton therapy, we could treat
about 1000 patients yearly. The number would double if we considered
the more optimistic figures from other
proton therapy centers, where the
proton therapy is replacing radiotherapy more and more.
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Control Sheet: The proton therapy
center connects medicine, science,
and business partnership. What’s the
role of Cosylab in this public-private
partnership? Who are the other stakeholders or planners of the project?
Mark: That’s exactly the reason why
we suggested the Proton Therapy
Center — because the “stars really
aligned” for Slovenia in this case. Coincidentally, the Oncology Institute
Ljubljana is the biggest of its kind in
Europe, and we have one of the strongest international research groups for
medical physics at Jožef Stefan Institute and the University of Ljubljana
and finally, Cosylab is the leading provider of control system integration
for particle therapy. It’s like with our
golden basketball players [1], when
once in many years such an amazing
team springs from such a small piece
of land.
Together we have the complete
knowledge to develop, build and control the center for proton therapy, of
course in collaboration with foreign
suppliers. Cosylab is internationally
very well connected and will help find
the best suppliers as well as contribute
to the development of the technologically most complex components.
Control Sheet: Slovenia is often
criticized for its fragmentation. What’s
your take on the importance of associations like Slovenian Innovation
Hub SIS EGIZ [2], whose main goal is
to connect Slovenia to breakthrough
technologies, academic excellence
and creative forces?
Mark: The fragmentation is also the
consequence of the small size. It’s
sometimes simply easier to find a
foreign partner, especially in the kind
of niche market like the one Cosylab
covers, where there’s no one covering
this niche in Slovenia.
That’s why SIS EGIZ’s role is especially
hard because it’s connecting espe-
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forced the initiative for faster working
permits for trustworthy companies,
which has already been approved by
the National Assembly.

Cosylab’s success is the proof that on the long
run, you get further by being fair to others;
in a sense “you’re ok, I am ok”, either to a coworker, partner or a client.

cially versatile stakeholders, which
have different ways of working: institutes, universities and the economy.
As I see it, the role in which SIS EGIZ is
especially good at is that it works as a
moderator, a facilitator. They are able
to assess which ideas and proposals
are realistic in given circumstances
and with available partners and then
support those projects. But in the end
the stakeholders have to achieve the
critical mass: SIS EGIZ can’t force the
companies and the academic sphere
to cooperate if there is no real interest.
Control Sheet: Slovenia is considered to be an innovation follower despite having relatively strong scientific
grounds, cutting-edge companies,
and innovation tradition. How do you
understand this discrepancy?
Mark: The size is again an important
factor. We do have some small and
some medium-sized top-notch innovation companies, but the biggest
companies that employ thousands
don’t have access to the 1000 best
people out of 300 million like they
would if they were based in the USA,
but only out of 2 million. But we are
opening up in this respect and are
attracting foreign talent to Slovenia.
We still have to adapt to arrange the
working permits faster, but we’re also
working on this. With the Slovenian
Chamber of Commerce and Industry
GZS, for example, we successfully en-

Control Sheet: How do you see the
future of work? Once you said that
technology and social progress mean
that the typical, safe, nice jobs no longer exist. “If you want a safe job, the
best thing to do is to create and defend it yourself. That means that you
make your own company and build
it. If you want a good job today, you
have to create it yourself, because no
one else will do it for you.”
Mark: Well, here you opened up a
theme for a whole separate interview.
Should we talk about how artificial intelligence (AI) and robots completely
changed the working landscape and
areas, where the human can still work?
Or maybe that AI will come to rule humankind as many people warn?
In the future, the value of work will be
in the creative approach that cannot
be done by a machine.
If we focus on today and the next
couple of years, when people will still
need to work: for sure, the emphasis will be on creative work. But that
doesn’t mean that manual activities
will no longer exist — but they will
need to be creative in places where
automation plays no role. An example: it may be cheaper to replace the
whole car for a small fault because it
will be wholly made by a robot. But for
old-timers, you will still need excellent
car mechanics because the old-timers
are unique. And because the value will
be with the creative approach, the job
seekers will be freer in choosing when
and how they work. The Egyptians
could whip the slaves to carry the
stones for the pyramids faster or dig
the irrigation ditches, but you can’t
force a person to be creative.
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working hours, table football and other perks are a given in an IT firm.
Control Sheet: How do you ensure
fresh ideas in your team, how do you
encourage innovation?
Mark: Ideas are not a problem
(laughs). As famous Japec Jakopin
[3] once told me: “Out of 100 ideas I
might realize 1 or 2 percent. I don’t
need other people’s ideas.”

In the future, the value of work will be in the
creative approach that cannot be done by a
machine.

Control Sheet: What should we do to
promote innovation as a nation and as
a country?
Mark: We should raise our young to
be more creative. In reality, we are progressing in this respect, despite many
critics of the school system. If I compare how much we had to learn by
heart in high school and how my children are learning, I can see quite some
progress. But the school system can’t
be changed overnight. First, you have
to educate the teachers and prepare
them for something new.
Control Sheet: As an employer, how
do you take care of your people? What
do you offer, how do you keep the
best?
Mark: To actually do as I say in this
interview (laughs). I try to give people
what I wanted for myself when I was
in their place: a nice job, freedom of
choice, and interesting work full of
challenges and a mission to contribute to society’s progress and humanity: not necessarily in this order.
Other things, like decent pay, paid
sports activities, fruits, coffee, flexible

The challenge is structuring and realizing ideas — that is actually the real
part of innovation: create and realize ideas that can also make money.
There are only very few people who
know how to do that. And when we’re
creating new market segments, we’re
limited by the number of such people.
From my experience, I can say that
maybe there is one in every 15 to 20
engineers. When we identify a person
with such potential, we first educate
them and make sure that they broaden their horizon.
Control Sheet: What’s your vision of
Cosylab’s progress?
Mark: First, Cosylab has to become
completely independent of me. We’re
already working on this intensively,
because we’re building the leadership
structure, educating and growing internal and hiring external management staff. Then Cosylab will be able
to grow further. We want to become
a completely global company. Right
now, we already have branches in
Silicon Valley, Switzerland, in China,
Japan, and Sweden, and soon Poland, and maybe Russia will follow. But
based on the size of these countries
it would make sense that in the long
run, the majority of employees would
be employed there and not in Slovenia.
Control Sheet: And lastly: who is
your role model?
If fictional characters are allowed, then
my biggest role model is Gandalf, the
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wise man from Lord of The Rings. I
think that he represents my character quite well, including this quote:
“don’t meddle in the affairs of wizards,
because they are subtle and quick to
anger”.
But if I stick to IT, then my role model
is the rational and cold-blooded Bill
Gates, rather than the impulsive and
calculating Steve Jobs. Plus, I have
such a child’s face, more like Gates
(laughs).
Control Sheet: What do you aspire
to?
Mark: You wouldn’t believe it: in reality, I am really lazy and I aspire not
to have to work anymore. That’s why I
am constantly employing new people
to take over parts of my responsibilities. But I am the type of lazy person
that likes to do everything today so
that I will be free tomorrow. But, there
are always new challenges tomorrow
(laughs).
The interview by Tonja Blatnik was originally
published in the Slovenian Innovation Hub (SIS
EGIZ) newsletter September edition.

REFERENCES
[1] EuroBasket 2017 https://en.wikipedia.org/
wiki/EuroBasket_2017
[2] Slovenian Innovation Hub https://www.
sis-egiz.eu/en/
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EPICS 7
By Gregor Gregorič (Cosylab)

EPICS 7 is the latest version in the EPICS ecosystem, with the previous being EPICS V3 and V4.

EPICS V3 is the version that most
people are familiar with and its use is
widespread with exceptional documentation. EPICS V4 has been under
development for some time now
but has not yet achieved widespread
adoption.
One of the main advertised advantages of EPICS 7 is the new PV Access
protocol (PVA) which is more efficient
at transferring data, especially when it

tures can be of a completely custom
configuration or they can be of a normative type. Custom data structures
provide us with the ability to define
arbitrary structures for complex data
sets, while normative types are standardized structures with defined mandatory and optional fields. This makes
them similar to DBRecords used in
the IOC databases, where one of the
main advantages of EPICS’ DBRecords
was their inherent standardized fields
which allowed different software to
exchange data. Normative types are a
similar solution for PVRecords.

RPC-like functionality. Also, databases
containing PVRecords can run completely standalone or inside an IOC.
If sharing of existing V3 DBRecords
is needed, the qsrv software can be
used. qsrv runs inside an IOC and provides access to those records via PVA.
By using qsrv, current IOC databases
can be ported to use PVA with ease.

Example of a normative type (NTScalar) structure

While V3 has plenty of presentations,
examples and uses associated with
it, the documentation regarding the
PVA functionality of EPICS 7 is still
somewhat fragmented. Since most of

Besides the usual PVRecords, EPICS 7
also supports writing more complex
microservices which make use of an

comes to larger structures, such as arrays. Because of this, one of the frontrunners of the V4 movement is the
areaDetector module. areaDetector
requires transferring a large amount of
data which represents the output of a
myriad of detector types that it supports and so profits from PVA’s bandwidth efficiency.
The PVA protocol was developed to
transfer structured data with little
overhead. These structures are assembled out of different types of fields and
are created as classes in either C++ or
Java (as bindings exist for both). Struc-

Example of a normative type (NTScalar) structure

All possible options of using the new
PVA functionality
In my experience, getting started with
the PVA part of EPICS 7 is a bit trickier
then it was to start with EPICS V3.
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All possible options of using the new PVA functionality

it belongs to the V4 project, it can be
confusing to the newcomer.
What is currently available with regards to the documentation is the
developers guide on the EPICS V4
web site [1] (which was updated in
December 2017 with the release of
EPICS 7) and also C++ and Java examples available on GitHub. The examples demonstrate the usage of the
new records and how to use them to
create databases, RPC services and
clients. With the recent release of EPICS 7, the documentation should soon
get more concise and friendlier to the
developer.
With regards to software currently
supporting the PV Access protocol,
there are several noteworthy mentions:
◊ CS-Studio supports accessing records
via PV Access by using the “pva://” prefix
◊ MASAR, a tool for saving, archiving and
restoring system state, uses PV Access
for snapshot distribution

◊ Channel Finder, a directory service for
PV name lookup and supports PV Access

Experimental Physics and Industrial
Control System (EPICS) is a set of Open
Source software tools, libraries and applications developed collaboratively and
used worldwide to create distributed soft
real-time control systems for scientific
instruments such as particle accelerators, telescopes, and other large scientific experiments. EPICS7 is, as all previous
EPICS releases developed by the worldwide EPICS community.
Cosylab has played an important role
in EPICS development and integration
projects since 2002, and also significantly contributes to EPICS7 development,
especially in the area of the pvAccess
protocol design and development.

ABOUT THE AUTHOR
Gregor Gregorič’s main expertise is low-level C and
C++ development. He joined Cosylab in November
2017, with his first project being the integration of a serial device into EPICS 7 using PVA and asyn. He currently
lives in California, where he is working on EPICS development as part of the Cosylab USA team at the SLAC
National Accelerator Laboratory. In his free time, he
enjoys quiet evenings, reading about science and space
technologies and watching quality TV series.
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How ITER Standardized Large System
Integration with CODAC Case Study
ITER is the most complex science project in human history, designed to demonstrate the scientific and technological feasibility of fusion power.

Unlimited Energy
Fusion, the nuclear reaction that powers the Sun and the stars, is a potential
source of safe, non-carbon emitting
and virtually limitless energy. Harnessing fusion’s power is the goal of ITER,
which has been designed as the key
experimental step between today’s
fusion research machines and tomorrow’s fusion power plants.
As a large international in-kind collaboration among China, EU, India, Japan,
Korea, Russia, and USA, the ITER project promotes standardization of the
control infrastructure to ensure a manageable integration of all subsystems.
The ITER fusion reactor is a large and
complex project due to the multitude
of large composing parts called plant
systems.
The seven ITER domestic agencies are
tasked with building plant systems
as in-kind contributions: they must
be delivered as completed systems
including their own Instrumentation
and Control (I&C).

The donut-shaped reactor called tokamak, in which the hydrogen plasma will be heated to 150
million degrees Celsius, ten times hotter than the core of the Sun, to enable the fusion reaction.

Key Challenge

How to integrate the many
subsystems into the
central control system?
“Standardization is a key factor when
attempting to integrate a control
system with pieces provided by hundreds of different suppliers. Together
with selected hardware components the CODAC Core System is the

implementation of this standardization,” says Anders Wallander, Head of Control System
Division at ITER Organization.
Together with ITER’s Control System
Division (CSD), Cosylab played a valuable role in building the right tools,
and providing expert training and
support to achieve the high level of
harmonization and standardization of
the system’s interfaces that ITER is aiming for.
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Solution: The CODAC
Core System
ITER’S Control System
Standard

ITER’s Control System Division (CSD) is
in charge of realizing the control system of the ITER machine, named ITER
CODAC
(Control, Data Access and Communication). To improve the homogeneity of the plant system’s I&Cs,
that will become a part of CODAC,
the CSD promotes standardization for the development and testing of those plant system I&Cs.
Therefore, CSD has prepared a set of
rules for the development of plant
system I&Cs - the Plant Control Design
Handbook (PCDH), which must be followed by all ITER contributors - and developed a platform called the CODAC
Core System, which is a software distribution with all the necessary tools
that enable developers to make the
plant system I&Cs PCDH compliant.
Using the platform, ITER contributors
are encouraged to use standardized
solutions, thus reducing risks during
system integration.

Control Sheet
◊ Provide direct technical support
to the CODAC Core System users
around the world, ensuring that
they will be able to use its tools
with ease and following the PCDH
standards and guidelines.

CODAC Core System
Distribution
At Cosylab, we are aware of the multifaceted nature of a software distribution infrastructure like the CODAC Core
System (CCS). It is both a runtime and
a development environment. It cannot be monolithic if it needs to allow
contributions from the EPICS community, ITER domestic agencies or others
to be easily incorporated. Therefore,
the solutions had to be granular and
dynamic, yet well-managed. This is
essential to achieve uniformity across
the various development sites and be
developer-friendly.
According to Anders Wallander, Head
of Control System Division at ITER
Organization, it is essential to be successful with the standardization the
logistics, such as packaging,
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distribution, training and support. “Cosylab has been a major contributor in
implementing this logistics successfully.”

CODAC Core System
Support team
The CODAC Core System is currently
being used intensively in the development of plant system I&Cs. It is a toolkit that is both high-level and I&C oriented. It is used for developments to
be specifically ITER PCDH compliant.
Using such a toolkit requires extensive
technical support.
Franck Di Maio, CODAC Core System
Responsible Officer at ITER, explains:
“For making sure that our software distribution is well adopted and properly
used, we provide the ITER domestic
agencies and all ITER suppliers with
a wide range of support services. The
main entry point for support is an email
address that is handled by Cosylab
team for addressing user requests and
triggering actions whenever required.

Cosylab joined the project to deliver
the following:
◊ Develop and build the CODAC
Core System including all of its
tools, such as EPICS
◊ Set up a well documented, standardized development environment and packaging system. Its
purpose is to mass deliver a software distribution that serves as
both a runtime and development
environment for 3rd party I&C systems
◊ Provide high-level training to I&C
engineers around the world to use
the CODAC Core System, giving
them a sufficient level of expertise
to develop plant system I&Cs for
ITER.

Organizations around the world already using CODAC Core System (as of Feb 2018). Source: www.
iter.org/mach/codac/CoreSystem
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A good support with a fast response
time and appropriate answers is strategic to making sure that the project’s
suppliers can follow the recommended path with evidences of efficiency.
This has been very successful.”
“Regular on- site hands-on workshops,
ad-hoc sessions at ITER Domestic
Agencies (more than 20 sessions in
total) and on-line training videos provided by cosylab have been very efficient for maintaining a low learning
curve and having the ITER suite usable
by I&C developers of all backgrounds
from around the world,” adds Di Maio.

Guaranteed Central
Control and the
Plant System
Communication
Ensuring a consistent way of managing the plant systems is paramount
for a successful operation of ITER and
therefore the Plant System Handbook
and the CODAC Core System software
suite have been put in place. The plant
system I&Cs are now better prepared
for a faster integration, with risks of
re-work being reduced, while users of
CODAC have received un-interrupted
and consistent high-level support
and can focus on their productivity.
Since 2008, Cosylab has been ITER’s
trusted partner for substantial and
continued delivery of software services related to the CODAC Core System.

On the left: Engineers from different ITER Domestic Agencies are engaged in a CODAC training
with Rok Sabjan from Cosylab (standing left) and Franck Di Maio (standing right)

The Road Ahead
Cosylab’s contributions to the ITER
project go beyond the CODAC Core
system. Next to the development activities, the ITER project also prepares
operational aspects of the control
system, for when the ITER machine
will be generating plasma pulses.
Cosylab experts are assigned consultancy work on technical analysis,
design of configuration applications, the real-time framework and
other software tools in this area.
and consistent high-level support
and can focus on their productivity.
Since 2008, Cosylab has been ITER’s
trusted partner for substantial and
continued delivery of software services related to the CODAC Core System.
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PICTURE BOARD
Between July 10 and 13, Cosylab hosted the 2nd
Summer School for students interested in particle accelerators, destroying cancer cells and
discovering the universe. Under the mentorship
of Cosylab engineers, the participants from 6
different countries developed a Treatment Control System model for proton therapy. Click the
photo for highlights

Particle Accelerator Society of Japan Annual
Meeting @ Nagaoka
PASJ annual meeting is a place to be for the Accelerator Physics community in Japan. Cosylab
Japan was there as well.

ISD 2018 @ Noordwijk, Netherlands - 900 companies, 1700 participants, 39 countries
Rastko at the Industry Space Days, the largest
B2B event focusing on space technology in Europe.

LINAC 2018 @ Beijing, China
Ye and Felix sending hello from LINAC!

SOFT2018 @ Messina, Sicily
Symposium on Fusion Technology in
a magnificent setting

