HOW THE PATIENT SAFETY
SYSTEM CONTRIBUTES
TO HIGH AVAILABILITY AT
MEDAUSTRON

EXECUTIVE SUMMARY
The MedAustron facility in Austria is designed to be one of the most
advanced centers for Particle Therapy (PT) and Research in Europe.
The first patient was treated in December 2016.
The accelerator design was developed in close collaboration with
CERN with a twofold objective: employ state of the art technologies
and complement them with proven subsystems and designs from
existing PT systems, for example from CNAO in Italy.
In order to allow the accelerator to work safely together in the system
context, safety systems needed to be developed and integrated
into the overall facility system architecture.
In this case study, we explore, in particular, how a patient safety
system integrates tightly with a Dose Delivery System, and, when
well constructed, how it contributes to an overall High Availability
system. High Availability is an important success factor in the
exploitation of capital intensive medical facilities, such as PT.

“It was important for us that the patient safety system would
safeguard correct dose delivery while avoiding false positives.
With their experience of complex system integrations, Cosylab
was a well-suited partner to help us achieve this”
Dr Peter Urschütz,
Head of Therapy Accelerator Division, MedAustron
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The need for a High Availability Dose Delivery System
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MedAustron is a state-owned institute in Wiener Neustadt, Austria that built a
state of the art proton and carbon treatment facility. MedAustron was founded
in 2007 and they started the construction of the facility in 2011. Cosylab joined
the effort around 2009.
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In 2012 the MedAustron team, with specialists from CERN, started talking to
Cosylab about the system architecture surrounding the Dose Delivery System
(DDS) that was acquired from CNAO in Italy. This DDS features an atypically
large set of about a hundred safety signals. This posed a challenge on
the Patient Interlock System, as it had to process those signals very quickly
and, if safety conditions were not met, to react within 1 microsecond to stop
the treatment.

TECHNOLOGIES

•

•
•

Microsemi antifuse
and flash-based
FPGAs
VHDL
Discrete Electronics
Cosylab was selected as a partner to work on the Patient Interlock System. Prior
to this the two teams had already worked together for 3 years and Cosylab had
intimate knowledge of the system architecture, so there was mutual trust.
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It became Cosylab’s mission to deliver a Patient Interlock solution that would at
the same time protect the patient from potential harm and to do so in a way
that minimized “false positive” interlocks, i.e. shutting down the treatment at a
moment when it was not necessary to do so.

Preparation
Situated in the clinical part of the treatment machine the DDS and the Interlock
System had to conform to stringent patient safety measures: the Patient
Interlock System had to operate safely and it needed to conform to strict
medical regulations and standards.
The selection of specific technologies affected both the safety and the
certification aspects. Cosylab, with expertise from previous safety systems,
evaluated different technologies for the interlock architecture, including PLCs,
embedded controllers and FPGAs. For certain parts, a discrete solution built
from basic logic gates was considered and later used.
By analyzing these technologies and having sound knowledge about
MedAustron’s needs and requirements, Cosylab recommended the most
suitable technologies for this application.

Technical Solution
Because of the mentioned constraints and requirements, Cosylab proposed
the military and erospace-grade non-volatile FPGAs from Microsemi. One
set of the interlock logic would use the flash based variant and the other set
would use the antifuse programmable option. In a redundant setup this further
reduced technology dependent systemic risk. Microsemi FPGAs also feature
higher immunity from radiation, something that is present in the treatment
room, as well as a longer lifetime.
The Project’s Complexity
Because of the complexity of the project, Cosylab anticipated and planned for
the development of multiple hardware revisions. A first revision was to be fully
tested, with enough time foreseen to develop a second version that would
mitigate the shortcomings found and also allow for inevitable change requests.

We were very pleased to see that
Cosylab shares our values when it
comes to medical processes and
documentation.

A lot of certification testing was required for this medical system: electromagnetic compatibility (EMC) testing, environmental tests for temperature,
humidity, vibration etc., and transportation tests.

Their documentation is delivered
timely and complete.

The device was validated by an independent testing laboratory with the authority
to confirm compliance with all the standards.

Dr Peter Urschütz,
Head of Therapy Accelerator
Division, MedAustron

The Sizeable Documentation Process
The end responsibility for facility-wide medical certification lies with the project
owner EBG MedAustron. Cosylabs facilititing role as far as the Patient Interlock
System was concerned was to deliver all the necessary documentation for this
system, such that MedAustron could incorporate this directly into the overall
system documentation technical file without the extra step of having to adapt it.
It should be noted that a vast amount of documentation is required to certify
a PT facility. Therefore the teams worked very closely to agree how to follow
the applicable processes and which templates to use. For example for the risk
management process Coyslab followed process guidelines from MedAustron.
The outcome was a documentation and subsequent certifcation process
without major hurdles.
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The Measurable Benefit Of High Beam Availability
For a Particle Therapy facility, beamtime is an expensive asset and thus
of utmost importance: the system uptime should be as high as reasonably
achievable. As the Patient Interlock System interfaces to13 external
systems, it is vital that it performs its tasks reliably, that is: safe and also
without avoidable false positives, because they reduce system availability
and disrupt workflows. The focus on high reliability of the system was
strong. Everything was tested very thoroughly before deployment, in a
validated simulation environment.
The real test came with commissioning. The absense of defects positively
affected the commissioning process and reduced commissioning time.
Following certification the system was put into production and since then,
no defects that would deteriorate the operation of the facility have been
observed.

The Road Ahead
MedAustron is now planning future upgrades, which will enable them
to perform new kinds of treatments and to increase the speed of the
treatment workflow. Some of these upgrades will require changes in the
Patient Interlock System, specifically in the Independent Termination Unit.
This unit independently checks the dose and here MedAustron aims to be
the first in the world to measure the delivered dose per individual voxel.
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Following the positive experience of previous cooperations MedAustron
also engaged Cosylab on these upgrade projects.

CONTACT US

Founded in 2001, Cosylab provides and integrates state-of-the-art software and electronics
for the world’s most complex, precise and advanced systems, to enable research
organizations to make scientific breakthroughs, hospitals to deliver better cancer treatment
and organizations to improve their performance. The company employs physicists and
engineers that are able to understand the physical operational principles of highly complex
devices and that can master the software and hardware engineering of large-scale
distributed control systems at the same time. With its headquarters in the EU, Cosylab has a
strong international presence and has worked on hundreds of multi-year and multi- people
projects all over the world.
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