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Preface Managing Director

DI Wolfgang Freiseisen

Dear Readers!

When	Nikolaus	Wirth,	the	pioneer	of	computer	science	
and inventor of the Pascal programming language crit-
icizes computer scientists in an interview in the tech-
nology journal Technology Review for the fact that the 
programs have become worse, he certainly hits a sore 
point of the entire industry. Why is this the case, de-
spite increasing computing power and the many possi-
bilities	offered	by	modern	tools	and	(almost)	permanent	
online	networking?

It	 is	 probably	 necessary	 to	 clearly	 differentiate	 be-
tween modern web-based apps and business-critical 
applications which not only cost money, but can also 
bring companies into a critical position in the event of 
errors. The latter is true today and in the future more 
than ever! As software systems become more intercon-
nected,	 intelligent,	and	autonomous,	there	is	a	risk	of	
flawed	 software	 causing	 unplanned	 effects	 that	 have	
a massive negative impact on companies. That is why 

the issue of software quality with regard to correctness 
and functionality is now at least as important as ever, 
and	our	industry	is	well	advised	to	take	the	warning	of	
an experienced pioneer seriously. 

For this reason, RISC Software GmbH, despite all its 
modern agility, continues to rely on the proven methods 
of securing software quality – above all a solid „require-
ments engineering“ and a proven process of problem 
modeling. Only then can all modern methods of optimi-
zation, simulation and data analytics often develop their 
full power on the basis of Big Data. How this general 
approach has already been successfully implemented 
in	many	different	areas	can	be	 read	 in	 this	 company	
report. I wish you not only an interesting read, but also 
exciting discussions, e.g., about good programs.

Wolfgang Freiseisen
CEO RISC Software GmbH
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Greetings
o.Univ.-Prof. Dr.Dr.h.c.mult.  
Bruno Buchberger

I am pleased that RISC Software GmbH is so successful 
in	the	Industry	4.0	field	as	a	key	provider	of	know-how,	
a stimulus and a partner for Upper Austrian industry. I 
would	like	to	congratulate	the	managing	director,	Dipl.	
Ing.	Wolfgang	Freiseisen,	and	I	would	like	to	thank	him	
and	all	the	staff	for	their	dedication	and	creativity.

What	 is	 4.0?	4.0	 is	 the	automation	of	 the	production	
and	organizational	processes	of	3.0.	What	will	5.0	be?	
The automation of the processes from 4.0! The spiral 
of automation is open towards the top – i. e., after n.0, 
there	will	always	be	an	(n	+	1).0	–	and	 it	 is	 therefore	
particularly important to understand and control the 
fundamentals and mechanisms of this spiral: n.0 is the 
tradition	and	innermost	core	of	RISC	(Research	Institute	
for	Symbolic	Computation).	If	a	round	of	automation	is	
in progress, we must be ready for the next one. This is 
only	possible	if	one	thinks	and	works	at	the	level	of	the	
automation	of	 thinking	 („reasoning“).	This	 is	symbolic	
computation	and	that	is	the	field	of	RISC.

The RISC Institute, RISC Software GmbH and our 
international RISC PhD and Master studies are an 
intellectual force that has always played its role as a 
spearhead of innovation in basic research on a global 
basis and in application on a regional one since the 
establishment of RISC in 1987. 

From	 RISC,	 with	 its	 25	 employees	 back	 then,	 and	
under	 its	 leadership,	 the	 Softwarepark	 has	 grown	 to	
2,500 employees and students. And RISC also has the 
power to initiate new waves of innovation, e.g., recently 
as a central node in the new EU project EuKIM, in 
which the project partners are building a „Global Math 
Digital Knowledge Base“ with RISC technologies that 
will provide open-access and one-stop-access over the 
web for all users, especially the high-tech companies in 
our region.

o.Univ.Prof. Dr.Dr.h.c.mult. Bruno Buchberger
Founder of RISC
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Greetings of Supervisory Board Member

Univ.-Prof. Dr. Peter Paule

Everything is symbol!

The Pythagoreans were convinced that the cosmos, 
which includes the realms of our life, is harmoniously 
regulated by numerically expressive relationships. For 
them: „Everything is number!“ For the RISC employees: 
„Everything is symbol!“

An example of the force of the symbols is the 
mathematical formula a2+b2=c2. Mathematical 
laymen	 also	 immediately	 think	 of	 a	 content-rich	
and fundamentally important interpretation: of the 
Pythagorean theorem. This means that in a right-angled 
triangle, the area of the square over the longest side is 
equal to the sum of the surfaces of the two squares 
above the other sides. 

The symbols a, b, and c in the formula represent 
a	 potentially	 infinite	 number	 of	 such	 situations;	 a	
concrete	one	of	which	is	(a,b,c)	=	(3,4,5).	But	is	there	
really	an	infinite	number	of	such	Pythagorean	number	

triples	with	positive	integers	a,	b	and	c?	What	is	meant	
by	an	 infinite	number	 is	 infinitely,	essentially	different	
solutions. Because one can immediately generate 
through multiplication by a constant from a solution an 
infinite	number	of	solutions	 that	correspond	to	similar	
triangles.	 For	 example,	 the	 solution	 (3,4,5)	 becomes	
the	solution	for	a	random	x	(3x,	4x,	5x).	An	answer	to	
the	question	of	 infinitely	different	solutions	(yes!)	was	
already given by Euclid with classical arguments. 

A modern symbolic computation answer is as follows:
First, we can assume without loss of generality in each 
solution	(a,b,c)	that	b	is	an	even	number	(why?).	Hence	
b2=c2-a2=(c-a)(c+a)	is	even.	Since	b2 is even, it cannot 
be	that	both	c-a	and	c+a	are	odd.	

But	then	both	must	be	even,	since	they	differ	by	2a.

In summary, in addition to a2+b2=c2,	 we	 get	 c+a=2x	
and c-a=2y as further equations. This system of three 
equations is transformed by a computer algebraic 
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system	 into	 an	 equivalent	 but	 simpler	 system;	 the	
necessary input command in the „Mathematica“ system 
is:
GroebnerBasis [{a2+b2-c2,	c+a-2x,	c-a-2y},	{a,	b,	c}].
As	output	we	get	 the	system	a=x-y,	 c=x+y	and	b2=4	
x y. Each choice of x and y provides a solution to the 
original system. To obtain integer solutions, we choose 
such	 integers	 x	 and	 y	 that	 b=square	 root(4	 x	 y)	 is	
integer. For example, choosing x=4 and y=1 gives the 
well-known	solution	a=4-1=3,	b=square	root	(4*4*1)=4	
and	 c=4+1=5.	 This	 way	 one	 can	 indeed	 create	 an	
INFINITE	number	of	Pythagorean	triples,	for	example,	
(a,b,c)=(8,6,10)	 with	 (x,	 y)=(9,1)	 or	 (a,b,c)=(5,12,13)	
with	(x,y)=(9,4)

Behind the computer algebra command  
„GroebnerBasis“ is nothing but the algorithm developed 
by the RISC founder Professor Bruno Buchberger in his 
doctoral thesis. This algorithm has a central importance 
in computer mathematics and is implemented in every 
major computer algebraic system.

This combination of mathematics and computer 
science	is	one	of	today’s	key	technologies.

The present annual report contains impressive 
examples which originated in the context of concrete 
industrial cooperation.

Univ.-Prof. Dr. Peter Paule,
Chairman of the Research Institute for Symbolic 

Computation	(RISC),
Johannes Kepler Universität Linz

Figure: The Swiss artist Eugen Jost, Vernissage 
May	2015,	Organizer:	RISC	and	Office	Softwarepark	
Hagenberg Picture:	©Softwarepark	Hagenberg.
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Greetings of the Chairperson of Supervisory Board 

Dr. Barbara Romauer

RISC Software GmbH occupies a special position 
within the complex participation portfolio of Johannes 
Kepler	University	 (JKU).	RISC	Software	GmbH	solves	
demanding	tasks	for	its	customers	from	a	wide	range	of	
industries	and	manages	to	achieve	market	success	with	
its	unique	research	know-how	and	to	grow	continuously	
on its own. From an economic perspective, the company 
is now a showpiece in the non-university research 
landscape in Austria.

Through the enthusiasm for his duties, the CEO of RISC 
Software GmbH has managed to successfully transfer 
the entrepreneurial innovative spirit to his employees. 
The	 RISC	 Software	 GmbH	 spin-off	 is	 an	 important	
showcase for JKU. 

The	 transfer	 of	 knowledge	 from	 the	 JKU	 institutes,	
above all from the RISC Institute to RISC Software 
GmbH and, subsequently, the transfer of technology to 
work	 on	 solutions	 to	 socially	 relevant	 issues,	 improve	
efficiency	in	industry	and	provide	software	solutions	for	

new	methods	in	medicine	are	important	fields	for	RISC	
Software GmbH, as well as for JKU. Despite cyclical 
challenges,	2015	was	a	successful	financial	year.	

Owing to successfully acquired projects, an operating 
performance of more than 4 million € was generated. A 
solid annual result – not least through goal-oriented cost 
management – was achieved.

The equity ratio as of December 31, 2015 is more than 
50%, and thus constitutes a good economic foundation. 
The	2015	fiscal	year	was	also	characterized	by	the	topics	
of	 Industry	 4.0	 and	 the	SmaPro	 qualification	 network.	
Joint activities with JKU institutes could be implemented 
and	synergy	effects	could	be	used	here.

On	behalf	of	JKU,	I	would	like	to	thank	all	the	employees	
of	RISC	Software	GmbH	 for	 their	hard	work	and	wish	
them continued success.
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Greetings of Supervisory Board Member

DI Dr. Wilfried Enzenhofer, MBA

Due to the joint ownership of Johannes Kepler 
University Linz and the Upper Austrian Research 
GmbH, excellent management, an equally excellent 
workforce,	 as	 well	 as	 the	 high	 commitment	 of	 the	
institute, industry and company partners, fundamental 
research and application-oriented research are steadily 
moving closer together. 

Great achievements arise when excellence and 
commitment meet in a conducive environment. Last 
year’s performance record shows that this is the case at 
RISC Software GmbH with its future-oriented methods, 
competences and practical solutions.

In	addition	to	the	action	fields	of	„Industrial	Production	
Processes,“	„Mobility	/	Logistics,“	„Food	/	Nutrition“	and	
„Energy,“ the topic „Health / Aging Society“ represents 
a new program focus in the „Innovative OÖ 2020“ 
strategic economic and research program. In this 
context, the result of the 2015 medical technology 
call demonstrated very clearly that RISC Software 

GmbH can be convincing even in this very young 
research area in Upper Austria. Of the 19 submitted 
projects, eight projects with a total funding sum of 1.5 
million € were approved by the research department 
of the Upper Austrian State Government, two of them 
involving	 RISC	 Software	 GmbH	 („TourGuide“	 and	 
„EndoPredictor“).	

Further	high-profile	projects	of	RISC	Software	GmbH,	
such as „Food4all@home“ and „SEE-KID,“ were 
awarded	 the	 Spring	 Award,	 the	 Young	 Investigator	
Award and the Best Paper Award of the German 
Ophthalmic Surgeons in 2015. It is my personal desire 
to express my delight at this success achieved and the 
high quality of the research.

In the name of Upper Austrian Research GmbH I would 
like	 to	 congratulate	 the	 entire	 RISC	 Software	GmbH	
team and wish you continued success and all the best!
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Based	on	a	unique	combination	of	skills	in	mathematics,	
computer science and practical experience, both in 
industrial processes as well as in engineering sciences, 
the interdisciplinary teams of the RISC Software GmbH 
develop	 (individual)	 software	 solutions	 for	 business	
and industry.

The special feature of RISC Software GmbH is the 
combination	 of	 scientifi	c	 know-how	 in	 mathematics	
and computer science, as well as the ability acquired 

over the years to translate complex and challenging 
industrial problems into useful and sustainable software. 
Whether individually adapted to existing systems or 
implemented consistently, the customer gets solutions 
that he/she actually needs for his/her operations in the 
company. The result is individual software solutions 
which, beyond standard software, give the customer a 
competitive advantage over its competitors.

Consequently,	 the	 business	 divisions	 (=	 units)	 of	 the	
RISC Software GmbH are divided in an application-
oriented	manner.	These	units	cover	diff	erent	disciplines	
and create a wide variety of solutions for engineering, 
logistics, information technology and medicine.

The	Logistics	 Informatics	Unit	 (RISC-LI)	 designs	and	
develops software for the planning, optimization, 
simulation and control of processes, e.g., the 
mathematical optimization of production processes, 
the	planning	and	simulation	of	supply	networks,	intra-
logistics	 or	 internal	 material	 fl	ows.	 It	 provides	 the	

The Units of the RISC Software GmbH
Four	application-oriented	departments	(units)	with	the	common	base	of	mathematics,	
computer science and many years of practical experience.
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combined expertise in the areas of smart transport 
logistics,	information	systems	for	logistics	networks,	as	
well	as	material	flow	and	production	planning.	Industry	
knowledge	 is	 as	 thereby	 important	 as	 technical	
know-how	 and	 application-oriented	 research	 in	 this	
area.

The	 Industrial	 Software	Applications	 Unit	 (RISC-ISA)	
specializes in industrial applications for simulation, 
analysis and optimization in engineering disciplines. It 
is highly specialized in the needs and requirements of 
modern industry and creates custom software to meet 
the stringent and complex challenges of industries 
such as aerospace or machine tool manufacturing.

The	 Department	 of	 Medical	 Informatics	 (RISC-MI)	
conducts applied research in modern medicine. Here, 
highly specialized and internationally used software is 
developed in the areas of medical image processing, 
biomechanical simulation and patient virtualization. 

In the Advanced Computing Technologies Unit 
(RISC-ACT)	everything	 revolves	around	performance	
software solutions for highly complex distributed 
systems, and high performance computing.  
Here, applications in cloud, grid and high performance 
computing	are	created	 to	assist	customers	 in	making	
the	best	use	of	different	hardware	architectures.

These,	at	first	glance,	 four	completely	different	areas	
connect the symbiotic combination of mathematics and 
software	engineering	together	with	industry	know-how	
to create software solutions for business.

This is not about a separation, but rather a bundling 
of	 different	 strengths	 in	 specialized	 disciplines.	 A	
mutual exchange is an important principle and part of 
the corporate culture. Accordingly, many projects are 
handled on an inter-unit level.

DI Wolfgang Freiseisen
wolfgang.freiseisen@risc-software.at

www.risc-software.at C
on

ta
ct
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There	 is	 a	wide	 range	 of	 opinions	 on	 key	 figures	 or,	
in	managerial	terms,	key	performance	indicators	(KPI).	
As a representative of a modern and agile research 
company, we do not have any rigorous requirements, 
but we see the possibility of presenting the image of 
RISC	Software	GmbH	from	a	different	angle	and	thus	
making	a	solid	contribution	to	a	clear	and	as	complete	
as possible overall picture. 

As the achievements of our colleagues are decisive 
for success, the number of employees is a very 
important characteristic. Of the 60 employees currently 
employed	(headcount),	approximately	23%	are	women	
and	 approximately	 88%	 are	 working	 in	 research	 
and development.

The operating performance covers all our economic 
revenues	within	a	financial	year	and	currently	amounts	
to approx. EUR 4.5 million, with an equity ratio of 
approx. 50%. The operating result is positive and 
is usually between 5% and 15% of turnover. This is 
implemented by approx. 109 cooperation partners, 
including approx. 81 company partners and approx. 28 
scientific	partners	 in	approx.	65	projects.	Of	these	65	
projects, about 31 are regional in Upper Austria, about 
26 in Austria and about 8 in the EU. From our point of 

view, the number of projects is a pure measure and, 
of course, does not contain any information on size, 
quality, complexity or sustainability. The research ratio 
describes	 all	 income	 from	 funded	 projects	 (national	
and	 EU)	 and	 is	 currently	 at	 about	 30%.	 This	 figure	
does	not	include	the	company-funded	projects	(without	
state	 research	 funding).	 The	 actual	 research	 rate	 is	 
about 80%.

Publications are not a prime objective of the RISC 
Software GmbH, but as a research institution, we 
are	also	 trying	 to	make	our	 contribution	here,	 and	 in	
2015 we had about 44 publications, including about 29 
conference papers. Most of them were published by the 
colleagues in the Department of Medical Informatics.

Key Figures
A long-term, stable development of the company with continuous growth provides 
security for employees, customers and partners. 

DI Wolfgang Freiseisen
wolfgang.freiseisen@risc-software.at

www.risc-software.at C
on

ta
ct
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Unit Logistics Informatics
Software for planning, optimization, simulation and control of  
logistics processes.
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Robert Keber
robert.keber@risc-software.at

www.risc-software.at C
on

ta
ct

Today logistics means much more than just the transport 
or storage of goods. It refers to the organization, planning 
and control of complex goods, people and information 
flows.	 But	 the	 reactions	 to	 short-term	 changes	 in	 the	
framework	 conditions	 of	 the	 supply	 network	 are	 also	
becoming increasingly more important. The design of 
logistics processes and their mapping into IT systems 
are thereby crucial for the quality of services and 
products,	for	the	costs	and	profits	and,	ultimately,	for	the	
sustainable success of the company.

In the subject area of Smart Transportation Logistics, we 
are concerned with the organization and the manage-
ment	of	logistics	flows	and	material	flows,	as	well	as	with	
the collection and processing of information about them. 
Here	we	use	efficient	and	innovative	algorithms	for	infor-
mation, communication and position detection.

The planning and control of cross-company logistics 
processes is dealt with in the subject area of Information 
Systems	 for	 Logistics	 Networks.	 An	 important	 aspect	
is	 the	efficient	design	of	 the	 information	flow	by	using	
modern technologies for communication and the 
interaction of systems.

The	material	flow	and	production	planning	area	covers	
in-plant logistics topics. This section deals with the 
operational control of individual areas such as automated 
transport management systems or the control of storage 
areas, up to fully automated production control centres. 
In the subject area of detailed production planning, batch 
size	coupling	and	sequencing,	we	use	our	know-how	in	
the	field	of	mathematical	modeling	and	 the	solution	of	
these models to develop customized tools.

The decisions in this area can be validated using 
simulation methods. In the age of Industry 4.0, company 
data is increasingly viewed as part of value creation. In 
the last few years, digitalization and automation have 
allowed for comprehensive data collection, which, 
however, poses major challenges for many companies.  

On the one hand, real-time data for the response to 
short-term changes have to be analyzed and processed. 
On the other hand, future events should be projected 
from the collected data.

Lo
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st
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The aim of the BMVIT-funded research project within 
the „Mobility of the Future“ funding program is to 
increase the planning security of vehicle logisticians in 
order to achieve greater use of sustainable means of 
transport and a reduction in energy consumption. This 
should be made possible by the intelligent connection 
of forecasting, planning and optimization, and demon-
strated in the case study of an automobile distribution.

Under the leadership of Fraunhofer Austria Research 
GmbH, RISC Software GmbH, together with the 
company partner Hödlmayr International AG, is devel-
oping an information system which logistics specialists 
can plan and implement reliable and sustainable trans-
ports with. Therefore, it is necessary to extend or to 
clarify	the	planning	horizon	in	order	to	react	quickly	to	a	
changing	and	fluctuating	order	situation.

Research Project IPPO
Intelligent	networking	of	forecasting,	planning	and	optimization	for	the	design	of	
sustainable transport chains.
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Mag. Stefanie Kritzinger, PhD
stefanie.kritzinger@risc-software.at

www.risc-software.at C
on

ta
ct

In the area of freight transport, there are currently major 
deviations between the contract customers‘ orders and 
the actual retrieval of transport capacities. 

This trend of greater volatility of transport volumes is 
growing	further	due	to	stronger	economic	fluctuations.	
Logistics providers are increasingly confronted with 
a lower degree of planning certainty which cannot 
be	 sufficiently	 represented	 by	 existing	 systems.	
The resulting short-term reaction of the disposition 
to	 unforeseeable	 fluctuations	 in	 demand	 causes	
ecological	and	economic	 inefficiencies,	which	can	be	
measured by CO2 emissions, costs or the number of 
empty runs.

In the IPPO research project, various methods for 
predictive transport planning are investigated, since 
mathematical forecasting algorithms in supply chain 
planning	are	more	likely	to	predict	capacity	quantities	
and	 thus	 identify	 capacity	 bottlenecks	 or	 excesses.	
A forecast model is to thereby be developed with the 
customer’s	 existing	 target	 figures,	 which	 specifies	
the resource requirements and issues options for the 

optimal and ecologically sustainable capacity utilization 
of the means of transport.

Based on the results of the capacity plan, evaluated 
action alternatives are derived. On the one hand, 
transports	 become	 more	 efficient	 by	 reducing	 the	
number	 of	 load	 and	 empty	 kilometers	 and,	 on	 the	
other hand, the possibilities for the use of inland 
waterways and/or railways are pointed out if the 
transport	volumes	are	sufficiently	large.	The	developed	
methods are illustrated in an interconnected manner.  
This allows the evaluation of the results from the 
Automobile Distribution case study and the determination 
of the economic and ecological surplus value of  
prognosis-based transport planning.

Lo
gi

st
ic

s 
In

fo
rm

at
ic

s



18

In Europe, empty rail wagon disposition is 
conducted, almost without exception, manually.  
Manual scheduling is supported, in most cases, purely 
by information systems that have been developed in 
recent years and represent the vehicles and orders for 
pre-assignment in list form. 

The	 increasing	 complexity	 of	 the	 planning	 task	 
and the high demands of customers in terms 
of	 flexibility	 and	 timely	 provision	 of	 required	 
wagons are pushing the manual implementation of 
empty wagon disposition, however, more and more to 
its limits. 

Research Project LeWaDis
A software prototype for automated planning of empty freight wagons.
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DI Bruno Bliem
bruno.bliem@risc-software.at

www.risc-software.at C
on

ta
ct

Just the following aspects alone show the urgent need 
for a decision support planning system:

• At Rail Cargo Austria, about 15 dispatchers 
schedule	around	4,400	vehicles	daily	at	peak	time.

• About	1,500	diff	erent	wagon	types	have	to	be	taken	
into account. If the desired type of wagon cannot 
be provided, several possible replacement classes 
are	usually	specifi	ed	in	the	orders.

• In the last few years, very complex rules have been 
defi	ned	at	the	European	level.	These	allow,	on	the	
one hand, the disposition of own wagons in foreign 
production areas. On the other hand, the use of 
foreign wagons for their own customer orders is 
possible.

In an R&D project funded by the Federal Ministry 
for Transport, Innovation and Technology within the 
framework	of	the	IV2Splus	program,	RISC	Software,	in	
a	consortium	with	Logistikum	Steyr,	Rail	Cargo	Austria	
and OnTec, developed a practicable software prototype 
for	the	(partial)	automation	of	empty	wagon	disposition.	
In concrete terms, an optimization algorithm for the 
empty wagon disposition, which is based on a rolling 
planning approach, has been developed. 

The main outcome measures from the perspective of 
customers	and	companies	 (such	as	 the	avoidance	of	
delayed / premature delivery of a vehicle, minimizing 
empty	 vehicle	 kilometers,	 trip	 time,	 maneuvering	
procedures)	can	be	considered	in	a	selectively	weighted	
way in the optimization. In the set of disposition-
relevant wagons, not only are the wagons viewed by 

manual	disposition	 taken	 into	account.	Moreover,	 the	
dates and the locations of the wagons prospectively 
available	(i.e.,	in	the	next	few	days)	are	pre-calculated	
on the basis of the real transport chain planning and 
the real road map, and are included in the optimization.

Since	signifi	cant	order	quantities	(sometimes	up	to	50	
per	 cent)	 are	 often	 announced	 by	 the	 customers	 at	
very short notice, but in any case too late for a timely 
delivery of empty wagons, an algorithm to calculate a 
demand forecast was developed and integrated into 
the	prototype	for	the	(semi-)	automated	empty	wagon	
disposition. This allows for convenient positioning of 
the	 likely	 required	empty	wagons	on	 the	basis	of	 the	
predicted, expected demands in the individual regions.
 
The implementation of an automated empty wagon 
disposition with the developed optimization method, 
using	nine	weeks	of	real	ordering	and	wagon	movement	
data, showed that a partial automation of empty wagon 
disposition is possible, and that excellent results 
(used	 as	 suggestions	 for	 the	 dispatchers)	 can	 thus	
be achieved.
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The	central	tasks	of	Magna	Logistics	Europe	(MLE)	are	
the analysis, evaluation and optimization of the supply 
chain of the global automotive supplier Magna. This 
applies to both existing as well as planned production 
plants, and requires the use of potential synergies 
between	different	locations.

As part of the process chain in addition to the Magna 
plants,	 external	 suppliers	 also	 fall	 within	 the	working	
range of the MLE, as do production sites of customers 
whose factories should be supplied as cost-optimally 
as possible with the necessary vehicle components / 
modules in the required quantity.

Based on bills of material, sender-receiver 
relationships,	rate	tables,	packaging	data,	warehouse	
information, and many other input parameters, various 
logistics	 planning	 scenarios	 with	 different	 locations,	
delivery	processes	(direct	deliveries,	deliveries	through	
consolidation	 centres,	 milk	 runs,	 ...),	 and	 different	
delivery frequencies are calculated and compared with 

each	other	 to	finally	select	 the	optimal	variant	and	 to	
give reliable predictions about expected logistics costs 
and capacities.

MLE approached RISC Software GmbH with the 
requirement to include all these analyses and 
calculations	 performed	 up	 to	 now	 with	 different,	
non-interlinked	systems	into	a	single	logistics	planning	
system that is standardized and accurately specialized 
to the needs of the logistics planner.

The new logistics planning system should primarily 
provide a common database for all the persons and 
locations involved in planning scenarios and reproduce 
all the detailed steps of a planning process, starting 
with	 the	 collection	 of	 master	 data,	 via	 the	 definition	
of the delivery processes, to the planning of storage 
capacity and returning the empties to the starting point. 
Moreover, once planned, a logistics scenario should be 
able	to	be	quickly	and	flexibly	customized	to	adapt	to	
changing	conditions	(e.g.,	the	loss	of	a	supplier).

Magna Logistics Planning Tool
A central software tool for logistics planning in the automotive industry. 
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Within	a	year,	from	November	2011	to	October	2012,	
a prototype was developed in close cooperation with 
the	 employees	 of	 MLE,	 who	 set	 specific	 targets	 for	
the software from the beginning and provided their 
expertise to the RISC Software GmbH team. The 
prototype	was	immediately	of	great	interest	to	the	first	
test	users	and	received	consistently	positive	feedback.	
During the test phase, many constructive suggestions 
eventually	 incorporated	 into	 the	 first	 version	 of	 the	
finished	product	were	adopted.

Since the beginning of 2013, the logistics planning 
software has been rolled out gradually in the group. 
Already in planning is a follow-up project, in which the 
logistics planning tool, mainly focusing on the planning 
of the supply chain, i.e., the extra-logistics up to now, 
is to be complemented by a module for planning the 
internal logistics, i.e., the planning of the internal supply 
processes from the warehouse to the production facility. 
Additionally, the existing module “Extra Logistics” is 
planned to be expanded in the context of this extension. 
In particular, the software ergonomics should be further 
improved by graphical editors that are additions to the 
currently	offered	tabular	representations.

DI	(FH)	Hannes	Leonhardsberger
hannes.leonhardsberger@risc-software.at

www.risc-software.at C
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Mueller Transports is one of Austria‘s leading 
transportation companies in the area of temperature-
controlled	 cargos.	 For	 many	 years,	 market	 leaders	
in the food, pharmaceuticals and electronics 
industries have been relying on Mueller as a trusted 
transportation and distribution partner to transport their 
temperature-sensitive	goods.	With	200	in-house	truck	
trailers,	 Mueller	 Transports	 has	 been	 working	 in	 the	
international transport business for over 50 years.

LGV Fresh Vegetables is a cooperative made up of 
approximately 110 gardener families, and supplies 
60 percent of Austrians with fresh vegetables in the 
domestic vegetable season.

As part of a supply chain-wide, innovative IT solution 
completely new for the transport industry, a „just-in-time 
system for fresh produce transports“ was developed. 
This	system	is	used	for	the	rapid	and	efficient	exchange	
of information between all parties involved in the  
supply	network.

At the beginning, the purpose of the system was 
discussed	 with	 the	 stakeholders:	 Significant	 issues	
were more modern, more transparent, simpler and 
faster communication, reducing the amount of paper, 
avoidance of multiple processes, and more accurate 
planning and improvement of data quality.

The	main	and	secondary	processes	were	identified	at	
several	workshops	and	the	workflow	for	 this	software	
was developed as a result. Upon receipt of orders at 
LGV, an AVISO is automatically generated. The aim 
is to provide the freighter with immediate information 
regarding possible transport and delivery volumes. 

Changes	due	to	lack	of	availability	or	a	change	of	the	
dispatching warehouse can be transferred immediately 
to	the	freight	companies.	After	the	expiration	of	defined	
time windows, the AVISOs are converted to ORDERS, 
and the dispatching process is automatically started at 
the freighters.

Müller - LGV Supply Chain Planning
A just-in-time system for the control of transport logistics chains.
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Upon the acceptance of the goods by the freight 
companies, the actual quantities, which are again 
registered	by	SCAN	when	loading,	are	transmitted	with	
the delivery data to the system, respectively provided 
to the freighter. The transport now being executed 
is monitored by means of a telemetry system in the 
vehicle. A status message is generated upon arrival at 
the customer, which, in turn, is made available to LGV. 
In this way, information about delivery status is also 
available for the client.

Access to the necessary data was provided to everyone 
by means of XML technologies, and web services 
were implemented for the corresponding interfaces. 
Moreover, the existing telemetry data is integrated 
into	the	system	via	web	services	and	linked	to	the	job	
data. With an additional web portal, the orders to be 
processed and their current status are displayed.

After an appropriate introduction phase, this system 
was transferred to the operating mode and provides a 
win-win situation for all participants.
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The simulation program easy2sim can 
be used to map logistical processes for 
planning, evaluation and optimization.  
Within	 a	 few	 hours,	 material	 flows	 that	 enable	 an	
improved	 overview	 and	 identification	 of	 bottlenecks	
can be illustrated. Performance data during the 
planning process allows process-based costing and 
an early improvement of processes. The optimization 
of parameters can achieve a minimization of inventory 
costs and a maximization of throughput. easy2sim is 
also	a	valuable	aid	in	the	training	field	and	the	testing	of	
failure	scenarios.	RISC	Software	GmbH	offers	modeling	
as an additional service so that companies without 
simulation	experience	can	benefit	from	easy2sim.

In recognition of the high degree of innovation of 
easy2sim, RISC Software GmbH was awarded the IT 
Innovation	Award	 in	 the	 INDUSTRIAL	&	 LOGISTICS	
category. The simulation tool in the top tier of more than 
2,500 submitted entries particularly impressed the jury 
and received the „BEST of 2012“ title.

Material	flow	of	supply	and	disposal	processes
For the State Hospital Klagenfurt, a process simulation 
allowing a representation of the total planned supply 
and disposal processes was required.

With easy2sim, the entire plant layout with all 
transmitting and receiving stations was modeled. Basic 
components were then implemented for each station 
type	(bed	wing,	supply,	buffer	stations)	and	the	behavior	
and utilization of each individual station depicted.

Use in the area of Industry 4.0 to design dynamic 
assembly lines
With easy2sim, the production layout including 
driverless transports was modeled and the individual 
assembly process steps were depicted using real 
mathematical distributions of assembly times.

Additional simulation components enable the following 
functions of the driverless transport: Acceleration and 
braking	 incl.	 ramp-up	control,	 the	pickup	and	delivery	

Simulation	and	optimization	of	material	flows
easy2sim: A simulation system for complex processes in warehouse, production  
and transportation.
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of a product or the attachment and removal of a trolley 
at	defined	points.	In	addition,	the	production	of	„batch	
size	1“	increased	demands	on	the	planning	(sequence,	
cycle	time,	etc.).	

Methodically, simulation and optimization approaches 
are used in combination. Simulation-based planning 
and optimization ensure cost optimization, resulting in 
energy	and	resource	efficiency.

Warehouse control simulation to evaluate the 
performance of warehouse management systems
Thanks	 to	 the	use	of	easy2sim,	additional	safety	can	
be gained especially in warehouse logistics projects 
and time can be saved during start-up, because all 
relevant processes can be evaluated and optimally 
matched before go-live.

Process simulation in steel production
With easy2sim, RHI AG models and simulates the 
complex process chain of the distributing vessels, 
so-called tundishes, that transport liquid steel into the 
continuous casting line. The resulting reports show 
the total consumption of resources such as material, 
energy or labor, as well as the utilization of the  
individual tundishes. 
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Based	 on	 these	 findings,	 the	 business	 plan	 for	 the	
management of the tundishes can be optimized with 
the available resources.

Agricultural production process
For the modeling, simulation and optimization of 
agricultural production processes at Biomass Logistics 
Technology, easy2sim developed a library with the 
necessary components which can be combined 
according to the logistical processes to an entire 
simulation model.

Through the simulation runs and their evaluations, 
potential	 bottlenecks	 in	 the	 entire	 process	 chain	 can	
be demonstrated and, for example, the idle times of 
harvesting machines minimized.
 

Web:
http://www.easy2sim.at/

Robert Keber
robert.keber@risc-software.at

www.risc-software.at

C
on

ta
ct



26

Driverless transport systems exist in numerous 
production facilities, logistics areas or in hospitals for 
food, medicine and laundry transportation. In the course 
of	 the	 current	 trends	 (Industry	 4.0,	 SmartFactory),	
there will be enormous opportunities, but also new 
challenges, for driverless transport systems in the 
coming years.

More than 10 years ago DS Automotion, an established, 
top-level international provider of automated guided 
vehicle systems based in Linz, commissioned RISC 
Software GmbH to develop integrated planning, 
simulation and control software for freely navigating 
automated guided vehicle systems.

The main goal for the development of the new modeling 
and	 control	 software	 was	 to	 significantly	 reduce	
implementation and start-up times for production lines 
with driverless transport solutions.

The software to control automated guided vehicle 
systems	 was	 designed	 as	 a	 flexible,	 configurable	
standard	system	with	efficient	algorithms	for	scheduling	
the jobs, for controlling the collision-free movement 
of vehicles, as well as for preventing and resolving 
deadlock	 situations.	 By	 connecting	 system-specific	
extension components via generic interfaces, special 
requirements	 of	 specific	 plants	 and	 communication	
with external systems can be easily managed.

A central concept of the new software system was the 
development of an integrated simulation environment 
for AGV systems that uses the driving course design of 
a concrete plant for the automatic generation of a very 
realistic simulation model. The software that controls 
and manages the vehicles in actual planning and 
operation	can	be	used	directly	without	modification	to	
control the simulated vehicles. As a result, a current, 
realistic simulation model is available at any time from 

Driverless Systems on the Way to Industry 4.0
An integrated software system for the modeling, simulation and control of  
driverless transport systems. 
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the planning phase, for example, for a time-saving and 
cost-saving	„virtual	go-life“	or	for	checking	subsequent	
adjustments or extensions of a system.

The software, which has meanwhile been successfully 
used in many systems of various sizes worldwide, 
already has numerous aspects now regarded as 
fundamental requirements for Industry 4.0 solutions. 
In the long-term and sustainable cooperation with 
DS Automotion, numerous innovations have been 
developed in several joint research projects.

The	enormous	progress	in	the	fi	eld	of	robotics	in	recent	
years	 opens	 entirely	 new	 possibilities	 for	 the	 fi	eld	 of	
driverless transport systems in the future. 

• On the one hand, small, agile, very autonomous 
robot-like	systems	are	increasingly	used	for	service	
and	transport	activities	(small	loads).

• On	 the	 other	 hand,	 sophisticated,	 cost-eff	ective	
sensor	 solutions	 and	 tried	 and	 tested,	 effi		cient	
algorithms	 from	 the	 fi	eld	 of	 robotics	 will	 be	
integrated into automated guided vehicle systems.

One of the upcoming challenges to be solved is the 
connection and coordination of local and global 
intelligence into a functioning, optimally coordinated 
overall solution.
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Economic achievements of companies are increasingly 
determined	 by	 how	 quickly	 and	 effectively	 they	 can	
respond	 to	 changing	 market	 situations,	 or	 how	 well	
they can be used as new opportunities. 

For many industrial sectors such as the supply industry, 
the increasing variety of products with increasingly 
individual manufacturing processes and shorter 
delivery times represents an increasing challenge. 
Only	 when	 companies	 respond	 quickly	 to	 changing	
customer	 needs	 and	 changing	market	 situations	 and	
use their existing production capacity optimally is it 
possible	to	effectively	compete	in	the	market.

Core aspects of successful production planning include 
integrated lot sizing and scheduling. Optimal lot sizes, 
associated production sequences and machine-
related job assignments for production lines and their 
set-up procedures are determined here. In addition 

to an increase in throughput volumes, an increase in 
flexibility	and	punctuality	are	achieved	for	 the	optimal	
use of production capacity.

Despite everything, practically deployable software 
solutions are hardly available and usually provide 
unsatisfactory planning proposals, because of the 
complex requirements of today’s economy.

RISC Software GmbH develops individually 
customized production planning software products with 
mathematical optimization algorithms for its customers, 
offering	a	variety	of	useful	approaches,	algorithms	and	
tools. In addition to the pure, individual self-development 
of software solutions with mathematical algorithms, in 
which	 existing	mathematical	 libraries	 find	 use	 where	
required, modern mathematical software solutions, 
including the IBM ILOG product line, can also be drawn 
upon if they cover the problem successfully.

Mathematical production planning
Sequence planning in production and logistics.
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Why individually customized production planning 
software?
• Ideal adaptation to production and manufacturing 

processes
• Exact representation of the machinery and shift 

calendar
• Suitable for all industries
• Easy to use and ideally customized graphical user 

interface
• Control of rapidly increasing product variety
• Optimal management of the trend towards ever 

smaller lot sizes

Why	mathematical	optimization	algorithms?
• Modern, powerful solution algorithms at the current 

state of research
• Conclusive structuring of computed solutions
• Transparent consistency of generated production 

plans
• Deterministic	 decision-making:	 Reproducible	

repeatability of optimal planning results
• Controllable and rapid adaptability to new 

production	scenarios	(Disruption	Management)
• Firm control over the design complexity

Web:
http://wordpress.risc-software.
at/produktionsplanung/en/
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Sustainable solutions have already been created in the 
context of development projects with customers from 
diverse industries and are successful in operational use.

Robert Keber
robert.keber@risc-software.at

www.risc-software.at
C
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For over 20 years, the Ranshofen-based Borbet 
Austria GmbH has been manufacturing aluminium 
wheels for the European automotive industry. As a 
reputable manufacturer with an annual production of 
about 3 million wheels, the company is continuously 
substantiating	its	strong	market	position	using	efficient	
production processes. It is essential to maintain and 
consolidate international competitiveness with a high 
adherence to schedules, short delivery times and 
optimal utilization of production capacity. 

Especially for automotive industry suppliers, the 
increasing product diversity with ever more individualized 
production processes and required shorter lead times 
is a mounting challenge. Moreover, the growing wheel 
diversity	and	the	increasingly	smaller	batch	sizes	make	
the planning of the production process increasingly 
complex for Borbet Austria GmbH as well.

Core aspects of successful production planning include 
integrated lot size and sequence planning. Optimal lot 

sizes, associated support orders and machine-related 
job assignments for production lines are determined 
here. Despite everything, practically deployable 
software solutions are hardly available and usually 
provide unsatisfactory planning proposals, because of 
the complex requirements of today‘s economy. 

Consequently, Borbet Austria GmbH came into contact 
with the RISC Software GmbH, which was entrusted 
with the creation of an individual production planning 
software	program.	An	individual	development	offers	the	
possibility of ideal adaptation to the present production 
and manufacturing processes and the possibility of 
exactly mapping the machinery and shift calendar.

RISC Software GmbH has now developed such 
customized planning software. By means of applied 
advanced mathematical optimization, this software 
makes	 optimal	 decisions	 on	 the	 sequence,	 set-up	
processes, timing and size of the machine assignment 
and production lots for the numerous orders. 

BORBET Austria GmbH Production Planning
Integration of an individual production and resource planning solution.
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Among	 other	 things,	 the	 benefits	 of	 control	 through	
precise and deterministic mathematical algorithms can 
be measured in a relevant structuring and consistency 
of the planning results. The additional controllable 
adaptability enables an objective and rapid adaptation 
to new production scenarios. By having the growing 
complexity of the planning processes in grip and with 
calculated high quality production plans, the basis for 
a	more	cost-efficient	production	planning	has	been	set.

Encouraged by the promising results and the 
exemplary cooperation between the projects 
teams,	 both	 sides	 would	 like	 to	 further	 expand	 their	 
successful cooperation.
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The research project Food4all@home, funded by 
BMVIT as part of the „Mobility of the Future“ program, 
aimed to create a sustainable logistics concept 
for the comprehensive home delivery of food. The 
essential factor was ensuring an inexpensive local 
supply regardless of the mobility situation or the time 
constraints of each individual customer. 

Under the management of the logistics department 
of the University of Applied Sciences Upper Austria 
in Steyr, and together with the business partners 
Pfeiffer	Handelsgruppe	and	Österreichische	Post	AG,	
RISC Software GmbH has developed a feasible and 
profitable	 cooperative	 and	 cross-sectoral	 operator	
model	that	has	been	accepted	on	the	market.

The domestic delivery of food is normally carried out 
by specialized courier services with actively cooled 
vehicles. Due to the high costs, this is only economically 
feasible in metropolitan areas. The basic idea of this 
project was not to cool the vehicle, but rather the 

package.	 Through	 an	 intensive	 cooperation	 of	 all	
project partners and their expertise new processes can 
be	optimally	 linked	with	existing	ones,	and	various	 IT	
technologies	can	be	connected.	This	makes	it	possible	
to	 develop	 a	 cost-effective,	 daily	 house	 delivery	 in	 a	
cost-neutral manner even in rural areas.

RISC Software GmbH has developed a web-based 
last-mile	simulation	framework	within	the	scope	of	the	
Food4all@home project. This allows the evaluation of 
different	variants	of	the	entire	supply	chain	from	picking	
to customer delivery. For delivery in urban areas, the 
exact	 tours	 are	 calculated	 taking	 the	 close	 delivery	
time windows at customers in account, whereby the 
planning	tool	accesses	the	real-time	traffic	situation	in	
order to allow an up-to-the-minute delivery.

In addition to the planning aspects of this tool, it is also 
used	in	business	operations.	This	makes	it	possible	to	
optimize the delivery routes for fresh food, while exact 
delivery times can be met, even when considering the 

Research Project Food4all@home
Area-wide home delivery of daily necessities.
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traffi		c	situation	during	rush	hour	in	metropolitan	areas.	
Simple settings of cost parameters, tour characteristics 
or time windows at the recipient can be individually 
adjusted. Within a few seconds of calculation time, 
improvements of 5–15% from the existing tests 
are achieved.

Food4all@home ensures a cost-neutral and nationwide 
home delivery of food throughout Austria within the 
standard processes of the Austrian Post. By integrating 
the processes and IT systems, a sustainable delivery 
service	 for	 food	 was	 developed.	 Thus,	 diff	erent	
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pricing	 models	 of	 the	 Pfeiff	er	 Handelsgruppe	 were	
evaluated	by	simulating	diff	erent	time	slots	scenarios.	
Consequently, the delivery rounds of the Austrian Post 
AG were optimized and the exact delivery times met 
up-to-the-minute,	 even	 taking	 into	 account	 the	 traffi		c	
situation during the rush hour.

The Food4all@home research project was awarded 
the „Spring Award 2015“ by the BMVIT and the FFG in 
the area of „Mobility of the Future - Innovative Goods 
Transport“	and	by	the	Verein	Netzwerk	Logistik	with	the	
„Austrian Logistics Award 2015.“

Mag. Stefanie Kritzinger, PhD
stefanie.kritzinger@risc-software.at
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Unit Industrial Software Applications
Development of software solutions for visualization, simulation and optimization of new 
products and manufacturing processes in the industry.



35

DI Bruno Lindorfer
bruno.lindorfer@risc-software.at

www.risc-software.at C
on

ta
ct

Software development for areas of virtual product 
design as well as for the simulation of production 
processes and control systems are the focus of the 
Industrial	Software	Applications	(ISA)	Unit.

Virtual product development
Software systems for realistic and detailed simulations 
are central tools today for the development of high-
tech products and systems in many areas of industry. 
In	 the	 Virtual	 Product	 Development	 application	 fi	eld	
we are concerned with new developments and further 
developments	 of	 the	 necessary	 technical-scientifi	c	
software systems.

On	one	hand,	we	are	working	on	 further	possibilities	
of combining multidisciplinary, distributed analysis 
systems so that virtual products can be comprehensively 
modeled as far as possible with all their properties and 

requirements. Due to the ever-increasing number of 
design	possibilities	(for	example,	new	materials	or	more	
fl	exible	production	methods),	mathematical	optimization	
methods are becoming increasingly important in this 
context. We also deal with the development of design 
and construction tools for integrated, decentralized 
product development processes.

Manufacturing processes and control systems
In many sectors of the manufacturing industry, 
manufacturing processes and control systems are 
decisive factors for quality, competitiveness and cost 
effi		ciency.	 Accurate	 and	 meaningful	 simulations	 as	
well as reliable statements about new production 
processes enable existing potentials to be used as best 
as	possible.	The	results	of	our	work	include	a	software	
library for the simulation of machining processes as 
well as programming and simulation environments for 
computer-controlled machine tools. 

In	order	to	be	able	to	 implement	reliable	and	effi		cient	
complete systems, it is often necessary to use 
specialized calculation and analysis methods, which 
we develop together with our cooperation partners 
from the engineering disciplines. Equally important are 
software	 technologies	 to	 make	 the	 most	 of	 modern,	
parallel hardware architectures. 
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With its products in the machine tools/power tools 
and laser technology/electronics, the German 
TRUMPF Group is one of the world‘s leading 
manufacturers of production technology. To support 
the entire sheet metal processing chain of TRUMPF 
machine	 technologies,	 TRUMPF	 offers	 a	 variety	 of	
software products. Developments of the machine tool 
programming	systems	and	manufacturing	controls	take	

place at the headquarters in Ditzingen near Stuttgart.  
There is a close cooperation with the machine 
development	 department	 to	 offer	 both	 the	 new	
machine as well as the associated programming 
system	 for	 the	 market	 launch	 of	 a	 new	 product.	 
All machine technologies are included in a software 
package	 called	 TruTops,	 as	 well	 as	 the	 support	 of	
bending machines.

Planning of Production Processes
Calculation of bending sequences and tool combinations to minimize cycle times.
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These	 press	 brakes,	 bending	 robots	 and	 laser-
hardened bending tools are produced by TRUMPF 
Maschinen	Austria	GmbH	+	Co.	KG,	the	competence	
centre of the TRUMPF Group bending technology.

When programming bending machines, it is important to 
keep	the	production	time	as	short	as	possible.	Just	how	
long	 the	 bending	 cell	 takes	 to	 produce	 a	 component	
mainly depends on the following criteria:

• The number of bends of the component and their 
order	in	the	bending	process;

• The respective positions of the bending robot 
gripper/user at each component’s bending 
operation;

• The	 selection	 and	 placement	 of	 the	 press	 brake	
tools used on the bending machine.

To	 keep	 the	 production	 cycle	 time	 as	 short	 as	
possible, all three parameters have to be optimally 
determined. Because of their mutual dependencies, the 
influencing	variables	are	coupled	and	must	be	treated	
simultaneously. This leads to a complex combinatorial 
optimization problem with an exponentially growing 
amount of possible solutions, which are not all 
necessarily collision-free bending processes.

In close cooperation with TRUMPF Machines Austria, 
RISC Software GmbH has been improving an 
optimization algorithm for this challenging problem. 
To minimize the production cycle time, it automatically 
determines a collision-free bending sequence and 
optimal placement of the bending tools. The solution 
space, which is depicted as a decision tree, is 
searched	using	efficient	search	algorithms.	As	a	result,	
collision-free and cost-saving bending processes  
are proposed. 
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Figure: TruTops Bend programming system
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The	SmaPro	 qualification	 network	with	 the	 emphasis	
on Industry 4.0 aimed to prepare companies in the 
production environment for the expected challenges. 

In doing so, on the one hand, an individual access was 
developed for each company, on the other hand, to 
promote the digitization of the existing production by 
consolidating competency.

These	 specifically	 designed	modular	 training	 units	 in	
the area of smart production machine data analysis 
and machine data interpretation for production – with 
the relevant contents from mathematics, computer 
science, mechanical engineering, mechatronics and 
software engineering – formed the prerequisites for the 
company	partners	for	future	tasks,	placing	the	focus	on	
vertical and horizontal integration.

Qualification	Network	SmaPro
Smart Production – Machine data analysis and interpretation in production.
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The resulting conception of a common, cross-
company	 framework,	 a	 deepening	 of	 competence	 in	
future-oriented	 technology	 fields	 (such	 as	 networked	
production, digital factory, cyber physical system 
[CPS],	 cyber	 physical	 production	 system	 [CPPS]),	
as	 well	 as	 the	 networking	 of	 science	 and	 research	
with	 industry	 (especially	 SMEs)	 were	 defined	 as	 the	 
operational target.

Another	objective	of	this	qualification	measure	was	to	
enable	the	participating	engineering	firms	to	enhance	
their future machines with modern ICT in terms of 
expected	flexibility	and	quality	requirements.

Industry 4.0: Opportunity for the production and 
process industry
Through	 the	 linking	 of	 components	 using	 intelligent	
ICT	 technology,	e.g.,	RFID,	sensors,	WLAN,	etc.,	 the	
data obtained thereby grow together into the „Internet 
of Things.“ The direct communication capability of the 
individual components creates a separate machine-2-
machine	(M2M)	communication.	This	allows	processes	

to be analyzed and optimized. The potential and 
benefits	for	the	industry	–	especially	in	the	production	
and logistics sector – is therefore enormous.

An important prerequisite for the establishment 
of Industry 4.0, alongside the corresponding 
ICT	 infrastructure,	 is	 networked	 thinking	 within	 
the organization.

With SmaPro, the companies involved were 
competently prepared for these and other challenges.
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Today more than ever, the design of new aircraft 
models is a costly and time-intensive process due 
to	 the	 high	 demands.	 Starting	 with	 a	 mission	 profile	
(payload,	 range,	 fuel	 consumption,	 etc.),	 the	 design	
process goes through the phases of conceptual design, 
preliminary design and detailed design. In each of 
these	phases,	the	requirements	of	different	disciplines,	
such	 as	 aerodynamics,	 structural	 mechanics,	 flight	

physics or fabrication, need to be optimized in regard to 
their interactions so that the new aircraft model meets  
all requirements.

Until recent years, the calculations of the individual 
disciplines were carried out independently, so that, 
for example, the impact of the calculation results 
of an aerodynamic calculation had to be entered 

Geometry Modeling in Conceptual Design
Parametric geometry modeling as a basis for multidisciplinary optimization  
in aircraft design.
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manually into the input model for subsequent structural 
mechanics calculation. Moreover, changes in the 
aircraft geometry had to be transferred manually into 
the respective models of the individual disciplines.

By integrating multiple disciplines into an optimization 
tool that automatically transmits the impact of the 
calculation results of one discipline into the input model 
of another discipline, the development process can be 
accelerated and an optimized result can be achieved 
in	 a	 shorter	 time.	All	 discipline-specific	 input	 models	
are based on the aircraft geometry, which means that it 
forms the basis for the coupling of the calculations from 
the	different	disciplines.

In order to implement this project, Airbus Defence and 
Space participated in the joint project AeroStruct, which 
is	coordinated	by	the	German	Aerospace	Centre	(DLR).

In this context, RISC Software GmbH was given the 
task	of	designing	a	software	system	that	brings	together	
the existing analysis programs of Airbus Defence and 

Space in order to achieve a synchronous progress of 
the individual disciplines.

The	following	work	was	carried	out	within	the	framework	
of this project:

• Selection of an existing standardized description 
language for aircraft geometries

• Definition	 of	 a	 parametric	 geometry	 model	 for	
aircraft based on the description language

• Development of a tool for creating geometry from 
the description language

• Geometry	creation	of	internal	wing	structures	(ribs	
and	spars)

• Intersection of the wing geometry with the geometry 
of the internal structures

• Creating a GUI application for the manipulation of 
the parametric geometry model

• Development and integration of a data format of 
the aircraft geometry model including discipline-
specific	data	based	on	HDF5

• Definition	 of	 design	 variables	 and	 mapping	 to	
parameters of the model geometry
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More than ten years ago Airbus Defence and Space 
initiated the development of the application Strength 
2000.	It	is	an	integrated	tool	for	the	static	verification	of	
structural aircraft components. One of the challenges 
is the lifetime of the software, which means Strength 
2000 must ensure the availability and traceability of 
the calculations over the whole lifecycle of aircraft 

components	(for	military	aircraft	approximately	25	to	30	
years;	for	civilian	aircraft	more	than	40	years).

The aim of Strength 2000 is to automate the whole 
process	of	computing	detailed	static	verifications	with	
respect to a wide range of analysis methods and to 
relieve	the	user	from	performing	redundant	tasks.

Static	Verification	of	Aircraft	Structural	Components
Integrated	tool	for	the	automated	control	and	processing	of	results	of	static	verification	
calculations.
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The application meets the following requirements:

• Simplification	 and	 automation	 of	 the	 computation	
process according to the ”Handbuch für 
Strukturberechnungen”	 (HSB	 –	 Handbook	 of	
Structural	Calculations)

• Parametrization of the calculation procedures 
using	data	from	the	underlying	finite	element	model	
together with load data and CAD data

• Control of the execution of the calculation methods
• Visualization of computed results
• Easy integration of new and updated methods
• Support	for	multiple	platforms	(Windows	and	Linux)

Airbus Defence and Space approached RISC Software 
GmbH to analyze Strength 2000 from a software-
technical perspective in order to examine the existing 
software	 architecture	 and	 design	 and	 to	 take	 new	
measures which meet the requirements resulting from 
the long lifetime of the application. Subsequently, the 
maintenance and further development was also carried 
out by RISC Software GmbH.

A	major	milestone	was	to	restructure	the	finite	element	
analysis	 post-processor	 „DIANA,“	 whereby	 the	
following	work	was	performed:
• Ensuring	 the	 sustainability	 (maintainability	 and	

extensibility)
• Restructuring of the internal data model
• Switching	to	a	more	efficient	storage	management
• Supporting	new,	structured	file	formats	(HDF5)
• Enhancing the program‘s robustness
• Reducing the program limits
• Integration into the production environment

Another milestone was the extension of Strength 2000 
for its external use, whereby the following activities 
were implemented:

• Improving the ergonomics of the user interface
• Analysis of the existing infrastructure with respect 

to user management and data management
• Development of a help system with associated 

authoring	tool	based	on	Wiki	like	systems
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With its multifunctional turning-drilling-milling centres, 
WFL Millturn Technologies GmbH & Co KG has become 
one of the world’s leading suppliers of complete 
machining	in	the	metal	machining	field.	

Besides	crucial	factors	such	as	high	quality,	efficiency	
and reliability in the actual machine development, 
complementary professional and productivity-
enhancing software products are increasingly important 
for this success.

Through many years of constructive cooperation 
characterized by excellence, perseverance and 
confidence,	 two	 software	 products	 that	 have	 little	
competition	in	the	international	market	have	emerged	
so far: CrashGuard Studio and CrashGuard Online 
Collision-Avoidance.

The combination of an extensive, detailed and 
well-adapted	offline	simulation	in	the	CAD	/	CAM	area,	
as well as a high-performance, memory-optimized and 

integrated real-time simulation for collision avoidance 
assists the customers of WFL Millturn Technologies 
GmbH & Co KG in using their multifunctional  
machining centres.

In close cooperation with the RISC Software GmbH, 
software innovation in engineering has led to 
substantial	 improvement	 in	 resource	 efficiency	 and	
error prevention, in order to increase productivity and 
competitiveness	and	to	reinforce	market	dominance.

CrashGuard Studio
CrashGuard Studio is a 3D simulation software product 
for	CNC	multifunctional	turning-drilling-milling	centres,	
which very realistically simulates the machine tools 
with	their	complex	kinematics	and	extensive	machining	
and processing options.

An important milestone in the course of continuous 
development of the Crash Guard studio was the 
material removal simulation, which reached product 

Simulation	of	NC	machining
Simulation and collision-avoidance for computer-controlled, multifunctional  
machining centres.
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maturity in the last development year. Analogous to the 
real machine, the ongoing removal of material can be 
viewed in real time in the 3D visualization. As a result, 
at the end of the material processing a 3D model of 
the	finished	part	exists	as	an	additional	opportunity	to	
verify	the	NC	program.

Among the diverse application areas of the software 
product are:

• Support	 for	 the	 verification	 and	 optimization	 of	
NC	programs	 in	order	 to	 improve	 the	quality	and	
efficiency	 of	 the	 machining	 processes	 and	 to	
reduce	wastage	and	collision	risk

• Support for the development and construction of 
new machine tools through the ability to simulate 
new features and characteristics of machines 
before they are even designed in detail or built

• As a training tool for operators and programmers to 
be able to safely test and understand the diverse 
possibilities of the machines

Product development and product maintenance 
are mainly carried out in cooperation with the RISC 
Software GmbH. A wide range of problems from the 
fields	 of	 geometry,	 algorithms,	 software	 architecture	
/ software engineering has been solved by the RISC 
Software GmbH experts in order to meet the high 
demands of the product. The continuous improvement 
of the software and planned future enhancements 
underline the successful and trustful cooperation 
between the two partners.

CrashGuard Online Collision-Avoidance
CrashGuard for Online Collision Avoidance, another 
product developed in cooperation between WFL 
Millturn Technologies GmbH & Co KG and RISC 
Software GmbH, is an extension of the controller unit 
that proactively detects and prevents collisions. This 
real-time collision avoidance system embedded in the 
machine control aims to prevent collisions between 
machine parts of complete machining centres at all 
times and under all circumstances. To insure that 
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the simulation model is always ahead of the current 
situation, the development of new computational 
methods	adapted	to	the	specifi	c	hardware	resources	of	
NC	machine	control	was	necessary.

In particular, the highly optimized core application 
including algorithms and data structures as well as 
the corresponding preprocessing steps have been 
developed in close collaboration with mathematicians 
and computer scientists of the RISC Software GmbH 
in order to meet the enormous demands on the 
correctness and reliability of the system.

Since 2005, the system has successfully been on the 
market	 and	 is	 off	ered	as	 an	optional	 feature	 for	 new	
machine tools. In the last several years most customers 
included this option in their orders, so that there are 
approximately 200 machines running the CrashGuard 
collision avoidance system today.
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The	majority	of	today‘s	known	oil	reserves	can	only	be	
exploited by about 35 percent of the available amount 
due technical and economic reasons. The achieved 
yield	depends	essentially	on	the	exact	knowledge	of	the	
geological structures as well as the physical interactions 
in	the	deposits.	This	knowledge	is	usually	attempted	from	
simulation models, but its application is only permissible 
if	models	are	difficult	to	verify	in	practice.	Usually	one	tries	
this	knowledge	to	be	gained	from	simulation	models,	their	
application, however, is permissible only if the relevant 
of	 in	practice	are	difficult	 to	verify	model	assumptions.	
In	most	cases,	this	knowledge	is	sought	from	simulation	
models, whose application is only feasible, if practically 
hard to verify assumptions are made. The Algebraic 
Oil Project was initiated by the Exploratory Research 
Division of the Shell International Exploration and 
Production	Group	in	Rijswijk	/	Netherlands	and	finished	
at the end of 2012 with the completion of a prototype 
application. The objectives of the project were the 
development of a mathematical procedure for improved 
model	 identifications	 for	 production	 systems	 and	 their	

prototypical implementation and application. Together 
with Shell, the Department of Symbolic Computation at 
the University of Passau adapted Buchberger‘s theory 
of the Gröbner bases in order to derive, systematically 
and without a priori assumptions, non-linear structural 
relationships from numerically inexact measurement 
data	 of	 the	 oil	 fields.	The	 practicability	 of	 this	method	
was demonstrated by RISC Software through the 
implementation of a software prototype. This serves as 
a tool for the improvement of modeling methods, as well 
as a basis for a software component to be subsequently 
used to monitor and control the production in real-life 
operations for a better use of the existing reserves in 
the deposits.

Modeling of Production Processes
Model	identification	and	process	analysis	for	the	optimized	control	of	 
production processes in the petroleum industry.
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From the very beginning, no other subjects had such 
a strong impact on aviation as the development of 
lightweight	structures	and	efficient	propulsion	systems.	
Improvements in these two areas result in immediate 
benefits	 for	 the	 performance	of	 an	 aircraft	 in	 respect	
to payload, range and fuel consumption. Together 
with engineers from Airbus Defence and Space, the 
RISC	Software	GmbH	has	been	working	for	more	than	

8 years on the development of a software system to 
calculate optimum weight designs and constructions 
of aircraft structures. Of particular importance is that 
design decisions for the overall structure regarding 
geometry and material can already be considered in 
a very early design phase, since the design options 
are greatest at this point and the greatest potential for 
weight savings is hence available.

Multidisciplinary Structural Optimization
Multidisciplinary optimization system for the detailed design of lightweight structures.
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To	make	this	possible,	Airbus	Defence	and	Space	has	
developed the multidisciplinary structural optimization 
system Lagrange, which helps designing minimal 
weight structures with respect to a broad set of 
diff	erent	 kinds	 of	 design	 parameters.	 Examples	 of	
design parameters include cross-sections of individual 
components or entire component groups, as well as 
layer	thicknesses,	layer	angles,	and	individual	paths	of	
fi	bre	composite	materials.

Besides the design goal of reaching a minimum weight 
for	a	structural	element,	a	variety	of	diff	erent	mechanical	
and physical constraints are to be considered at the 
same time. The Lagrange optimization system provides 
a wide range of multidisciplinary criteria models. Thus, 
in addition to a series of mechanical strength and 
stability criteria, other restrictions as, for example, 
on	 natural	 frequencies,	 fl	utter	 speeds	 or	 transient	
aero-elastic responses can be formulated.

An essential capability for automating the overall 
design process is a coupled aero-structure analysis 
(aero-elasticity).	 Therefore,	 in	 addition	 to	 the	
dimensioning of structural elements during optimization, 
also	aerodynamic	loads	can	be	actively	infl	uenced	as	
part of the design process.

Moreover, Lagrange enables the consideration of 
special manufacturing constraints for composite 

materials, thus ensuring that the designs can be 
manufactured with the available methods. Already at 
the beginning of the design phase, this enables the 
computation of very realistic preliminary designs, whose 
models include several thousand design variables and 
several hundred thousand constraints.

Since 2009, the RISC Software GmbH has been the 
main development partner for the new development 
of central system parts of the Lagrange system. 
Of particular importance is the implementation of 
the	 latest,	 most	 effi		cient	 mathematical	 algorithms	
and the best use of modern hardware platforms, 
particularly with respect to parallel and distributed 
computer architectures.
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The	 EU	 project	 PRACE	 (“Partnership	 for	 Advanced	
Computing	 in	 Europe”)	 creates	 a	 pan-European	
research infrastructure for high performance computing 
(HPC).	 In	 order	 to	 carry	 out	 relevant	 scientifi	c	 and	
industrial projects, PRACE provides access to six 
HPC	 centres,	 each	 with	 more	 than	 one	 petafl	op	 of	
computing	 power	 (tier-0	 systems),	 and	 a	 number	 of	
national	computing	centres	(tier-1	systems).	

In addition, numerous training and educational events 
are	 off	ered.	 Besides	 the	 possibility	 to	 implement	
projects with the computing resources, PRACE also 
provides numerous training and educational events 
throughout Europe. 25 participating countries are 
currently	 involved	 in	 the	 Brussels-based,	 non-profi	t	
organization PRACE. 

Austria is represented by the RISC Institute of the 
Johannes Kepler University Linz. The focus of our 
own	work	 is	 the	 development	 of	 scientifi	c	 simulation	
systems with respect to parallel scalability.

Here, RISC can refer to two particularly present able 
results:

Aeronautics:	coupled	fl	uid-structure	simulations
Constantly growing demands on modern aircraft design 
in	 terms	 of	 weight,	 energy	 effi		ciency,	 noise	 emission	
and safety require highly specialized and increasingly 
more sophisticated simulation methods for the analysis 
of	 fl	ow	 dynamics	 (CFD)	 and	 structural	 mechanics	
(CSM).	The	current	state	of	 the	art	generally	permits	

EU Project PRACE
“Partnership for Advanced Computing in Europe” – the European HPC 
Research Infrastructure
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only a separate analysis of the individual disciplines: 
For CFD calculations, a non-deformable aircraft 
geometry is assumed and for CSM calculations the air 
forces	acting	on	the	aircraft	are	fixed.	

Building on the widely used open source CFD 
platform OpenFOAM, RISC developed a prototype 
for the coupled CFD/CSM simulation of a highly 
detailed	 aircraft	 model.	As	 a	 remarkable	 by-product,	
a major scalability problem could be discovered and 
corrected in the basic functionality of OpenFOAM. The 
improvements	 benefit,	 on	 the	 one	 hand,	 the	 entire	
OpenFOAM community and, on the other hand, the 
scalability of the implemented prototype with respect to 
a model of industrial scale could be increased from 512 
to 4096 parallel processes.
 
Astrophysics: Simulation of plasma processes
Within the scope of „PRACE Preparatory Access“ RISC 
supported a research team from the University of Leuven 
(Belgium)	in	the	further	development	and	optimization	
of a simulation system for plasma processes in the 
heliosphere. Realistic simulations of electromagnetic 
interactions in particle streams with very large particle 
numbers	 require	 considerable	 computational	 effort.	
Typically, such simulations of several thousand parallel 
processes are calculated within several hours. 

Through a detailed investigation of the existing 
simulation system with specialized performance 
analysis tools, RISC was able to uncover a great 
potential for optimization. In collaboration with the 
University	 of	 Leuven,	 the	 efficiency	 of	 the	 system	

has been increased tenfold, which means that many 
more sophisticated simulations are possible with the 
same resources. Due to the open source nature of the 
software,	 researchers	 from	 all	 over	 the	world	 benefit	
from the implemented improvements.

The PRACE implementation phase receives funding 
from	the	8th	EU	Research	Framework	Program	Horizon	
2020	(PRACE-4IP,	2015-2017,	653838).

Further information is available at www.prace-ri.eu
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The	 Advanced	 Computing	 Technologies	 (ACT)	 unit	
is dedicated to the newest technologies of the future. 
Together with innovative companies and research 
partners from all over the world, we are developing 
and improving these technologies, especially for 
dynamic infrastructures for processing and analyzing 
large	amounts	of	data.	Likewise,	we	develop	or	adapt,	
together with partners and customers, applications 
from	 different	 application	 areas	 targeted	 for	 the	
optimum utilization of these technologies. The ACT 
team supports and advises RISC Software GmbH 
customers in the optimization of existing infrastructures 
and the further development of their own applications 
and IT infrastructure. All of this is carried out based on 
the	latest	research	findings	and	the	highest	quality.
 
Cloud & distributed computing
For years, the terms cloud computing and distributed 
computing have been omnipresent in the IT industry. 
In particular, cloud computing has advanced more 
and more into the focus of IT managers in recent 
years. Regardless of whether it concerns clouds as 
Infrastructure-as-a-Service	 (IaaS),	 Platform-as-a-

Service	 (PaaS)	 or	 Software-as-a-Service	 (SaaS).	
Whether it is about public clouds, private clouds 
or hybrid cloud approaches, the cloud capability 
of software or the step into the cloud for companies 
is much discussed. At RISC Software GmbH we 
deal extensively with application scenarios from  
various clouds.

Big data management
The rapidly increasing growth of data collected on a 
daily basis requires new approaches to processing and 
enables new opportunities and business opportunities 
through	 efficient	 analysis	 and	 new	 interactive	
visualization methods. Based on insights from research 
& development projects in various areas of big data 
management, we help our customers to prepare 
themselves for new challenges by providing a better 
insight	into	their	data.	Through	efficient	storage,	rapid	
processing and accurate analysis of large amounts of 
data, additional potential for customers and products 
can	be	identified	and	processes	aligned.

A
dv

an
ce

d 
C

om
pu

tin
g 

Te
ch

no
lo

gi
es



54

The aim of the project ITS Upper Austria is the interim 
operation	and	development	of	a	real-time	traffic	overview	
for the state of Upper Austria. 

RISC	Software	GmbH	and	Logistikum	Steyr	are	working	
on the implementation. Funded by the State of Upper 
Austria and the Climate and Energy Fund, the project 
will be realized on the basis of the open source software 

SUMO	(„Simulation	of	Urban	Mobility“).	SUMO	is	a	traffic	
simulation	software	package	that	was	originally	developed	
by the German Air and Space Centre and has already 
been successfully used for major events in Germany.

Necessary	 enhancements	 and	 simulations	 of	 SUMO	
for	 the	 expansion	 to	 handle	 a	 real-time	 traffic	 situation	
of an entire state have been carried out directly by 

ITS Upper Austria
Real-time	traffic	situation	for	the	state	of	Upper	Austria.



55

DI	(FH)	Martin	Samal,	MSc
martin.samal@risc-software.at

www.risc-software.at C
on

ta
ct

RISC Software GmbH. This concerns, for example, 
the performance, which has been enhanced by 
parallelization methods.

For	 the	 calculation	 of	 the	 real-time	 traffi		c	 situation	
picture, multiple data sources are used. It is based on a 
traffi		c	graph	developed	during	the	previous	project	GIP,	
meaning graph integration platform. All highways, as well 
as federal, state and local roads, are covered in the GIP.

Other data comprises count data from permanent 
census points, which the state of Upper Austria has 
distributed	in	fi	xed	positions	across	the	country,	and	road	
works	messages	that	are	also	taken	into	account	in	the	
calculation	of	the	traffi		c	situation.

Beyond	that,	fl	oating	car	data	(FCD)	is	integrated	as	an	
additional data source. FCD is generated by vehicles 
moving in the province of Upper Austria that have a 

corresponding FCD unit installed. In the process, the 
current GPS position, speed and time are continuously 
transmitted to a central server and stored anonymously. If 
the reported speeds of FCD within a certain road section 
then	diff	er	signifi	cantly	from	the	average	speed	stored	in	
the	system,	a	traffi		c	obstruction,	such	as	a	traffi		c	jam	in	the	
respective road section, is considered. This information is 
taken	into	account	when	calculating	travel	times.

Finally, the project ITS UA has to be seen as a component 
of	a	larger	system:	Traffi		c	Information	Austria,	abbreviated	
as	VAO	 in	German,	 aims	 to	 provide	multi-modal	 traffi		c	
information for all citizens of Austria.

Thanks	to	 the	multi-modality,	when	the	user	requests	a	
route	 calculation,	 he/she	 can	 quickly	 gain	 an	 overview	
about when he/she will reach the desired destination with 
which means of transport and at which time. Among other 
things,	it	is	hoped	to	make	public	transport	more	attractive.

ITS	Austria	 UA	will	 provide	 traffi		c	 data	 for	 the	 state	 of	
Upper	 Austria	 to	 the	 VAO,	 so	 that	 the	 current	 traffi		c	
situation is included when calculating a route. 
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Since 2007, the Austrian Grid Development Centre 
(AGEZ)	 has	 been	 part	 of	 RISC	 Software	 GmbH	
and has been integrated into the area of advanced 
computing technologies since 2009. It builds upon the 
basic	 research	 results	of	Austria	Grid	projects	 (2004-
2006	and	2007-2009)	and	continues	 to	develop	grid-
based technology for everyday use applications.

With the results of the last two years, great strides 
have been made. In addition to the research and 
development	 activities,	 the	AGEZ	puts	 its	 efforts	 into	
the integration in the European research landscape 
and the global grid computing community. This is also 
reflected	by	the	membership	of	Michael	Krieger	in	the	
Board of the European Globus Community Forum 
(http://www.egcf.eu).

Grid Computing goes mobile
One	of	RISC	Software	GmbH’s	contributions	in	the	field	
of	grid	computing	with	users	from	the	research	field	all	
around the world is the mobile application “GOTransfer.” 

With this application, data transfers can be started from 
mobile	devices	 (smartphones,	 tablets)	and	monitored	
over the high-performance protocol GridFTP.

Through integration with the online portal Globus Online 
(http://www.globusonline.eu),	which	 is	 developed	 and	
operated by the University of Chicago, researchers can 
now perform data transfers from their Android devices 
between high-performance data centres around  
the world.

Cloud and grid
With a delivery from IBM in early 2012, a further 
step in the cloud computing era was achieved at 
the	 JKU	 Software	 Park	 Hagenberg.	 The	 IBM	 server	
rack	CloudBurst	has	been	available	 for	 research	and	
development purposes of Austrian research institutions 
and companies since last year and is operated by 
the Austrian Grid Development Centre. Through the 
integration of grid and cloud services, the connection 
of	 CloudBurst	 with	 other	 scientific	 research	 facilities	

AGEZ Hagenberg
The	next	generation	of	distributed	and	networked	computing	and	storage	infrastructure.
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and data centers is also easily possible. This is already 
being used by 20 research institutions and companies 
from all over Austria that utilize this system environment 
for research and development purposes, as well as for 
international cooperation projects.

Grid computing has been used over many years 
exclusively for pure research infrastructures. But 
significant	 progress	 could	 be	 made	 in	 recent	 years,	
so that the construction of federated and shared 
infrastructures is becoming more and more important 
for commercial purposes. The AGEZ here is a unique 
contact point throughout Austria for the construction 
and operation of such federated infrastructures and 
successfully builds the bridge between grid and  
cloud computing.

The	 Austria	 Grid	 1	 (2004-2007)	 and	 Austria	 Grid	 2	
(2007-2009)	 projects,	 as	 well	 as	 the	 Austrian	 Grid	
Development	 Centre	 (2007-2012),	 were	 funded	 by	
the Federal Ministry of Science and Research. The 
Austrian Grid Development Centre is funded also 
by	 the	 Upper	 Austrian	 Government	 (2011-2013).	 
More information at www.austriangrid.at
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The	term	whistleblowing	(“to	blow	the	whistle”,	meaning	
“to	 give	 a	 hint”)	 has	 been	 on	 everyone‘s	 lips	 at	 the	
latest since the Edward Snowden case. The former 
employee	 of	 the	American	 National	 Security	Agency	
(NSA)	published	documents	classified	as	secret	in	2013	
and thus gained controversial world fame. The topic of 
whistleblowing is also gaining importance in Austria. 
For example, since August 2016, listed companies on 

the	stock	exchange	have	been	legally	obliged	to	offer	
information systems for their employees.

The Austrian product SecuReveal, which enables whis-
tleblowers to communicate legally relevant grievances 
in their own company, can be used for this purpose. 
Examples of legally relevant grievances include insider 
trading, bribery, corruption, fraud and counterfeiting.

SecuReveal
A whistleblower system for legally relevant facts.



59
A

dv
an

ce
d 

C
om

pu
tin

g 
Te

ch
no

lo
gi

es

As	a	consequence,	compliance	officers	of	the	company	
can enter into a secure dialogue with the whistleblowers 
in order to obtain further information. On request, the 
whistleblower can remain anonymous.

SecuReveal has been developed as a technological 
partnership in close collaboration with the companies 
Responsible Business Solutions, a subsidiary of 
Austria‘s	 largest	 law	firm	Wolf	Theiss,	Red	Puls	 IT	&	
Security Solutions GmbH and RISC Software GmbH. 
Each partner contributed their extensive and long-term 
expertise to design and operate a larger whole together.

Within RISC Software GmbH, the development of 
SecuReveal has placed great emphasis on the aspect 
of IT security right from the start. Thus, the communi-
cation between users and SecuReveal, for example, 
is encrypted continuously and messages recorded in 
the system are also stored in an encrypted manner. An 
ingenious security concept ensures that only authorized 
persons have access to the respective messages. Even 

for developers and operators of SecuReveal, access to 
messages	is	not	possible	thanks	to	encryption.

In addition, adequate processes and roles have been 
defined	 together	 with	 the	 rights	 and	 duties	 involved,	
and distributed clearly and comprehensibly among 
the partners. A corresponding documentation of the 
activities during development and operation ensures a 
sustainable and secure situation which, in the case of 
such a sensitive system, is considered as self-evident 
from the partners‘ point of view.

SecuReveal is an individually customizable Software-
as-a-Service solution: Companies are accompanied 
from the outset, both from a legal and a technical 
point of view, according to their wishes and 
requirements. The external operation strengthens the 
confidentiality	 in	 SecuReveal	 for	 whistleblowers	 and	 
compliance	officers.	

For more information, visit www.secureveal.com.

DI	(FH)	Martin	Samal,	MSc
martin.samal@risc-software.at

www.risc-software.at C
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During the year 2012, RISC Software GmbH, 
in cooperation with redCognition Innovation 
&Development GmbH, realized a web interface for 
controlling a biometric access control. The central 
point	 of	 the	 work	 of	 RISC	 Software	 GmbH	 was	 to	
thereby facilitate the expansion of a given solution by 
connections to mobile devices.

The	 task	 included,	 among	 other	 things,	 the	
implementation of the following functionality to allow 
the	execution	of	the	entire	workflow	and	the	integration	
of mobile devices such as smartphones:
1. Access to a camera to create a reference image 

of a user.
2. Access to a card reader to determine the identity 

of a user.
3. Registration of a new authorized user with a 

reference image stored on the server.
4. Verification	 of	 user	 authority	 by	 taking	 a	 picture,	

which is sent to a biometric service for comparison 
with the reference image.

For this purpose, the library components provided by 
the company redCognition for controlling the camera 
and card reader, as well as the implementation of 
biometric	 algorithms	 for	 face	 detection,	 were	 linked	
together, extended by a database solution for storing 
the captured user information and their reference 
images, and made available via a web interface.

redCognition BioCert
Another project conducted by RISC Software GmbH 
in collaboration with the same customer includes 
the	 integration	 of	 biometric	 features	 in	 public	 key	
infrastructures. This is particularly interesting, since it 
makes	the	storing	of	the	private	key	obsolete,	and	thus	
circumvents the problem of the loss or compromise 
of	 a	 user’s	 private	 key.	 This	 is	 particularly	 important	
because the cryptographic security of RSA requires the 
exclusive	access	of	a	user	to	his	private	keys.

So	 that	 the	 key	 does	 not	 need	 to	 be	 saved,	 it	 is	
regenerated from a random number of high quality, if 

redCognition:	New	opportunities	for	identification
Biometric access control and connectivity to mobile devices.
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necessary. The random number is unique to each user 
and is initially generated based on real random events. 

Access to the random number is thereby secured by a 
multifactorial user authentication, which consists of a 
user	name,	PIN,	and	biometric	authentication,	and	the	
random number is stored in a database. 

The unique association between the random number 
of	 a	 user	 and	 the	 resulting	 generated	 key	 pair	 was	
achieved	 by	 modifying	 the	 configuration	 of	 the	 used	
functions from the OpenSSL library. Based on the 
key	 pair	 of	 the	 user,	 a	 request	 for	 a	 user	 certificate	
or	 a	 corresponding	 certificate	 can	also	be	 created	 to	
integrate	the	user	into	a	public-key	infrastructure.

In order to enable the user-friendly control of these 
functions, as well as other services of redCognition via 
a web browser, a website was additionally developed 
as a user interface.
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Figure: Developed web interface
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With	 the	 LHCPhenoNet	 EU	 project,	 RISC	 Software	
GmbH	makes	a	significant	contribution	to	the	education	
and training of top European researchers. Through this 
project, a total of nearly 40 researchers at the beginning 
of	their	scientific	careers	have	the	opportunity	to	pursue	
their	research	in	the	field	of	particle	physics	in	one	of	11	
top research institutions and three associated partners. 
They are supported by approximately 160 people from 

28 European universities and research institutions, the 
University	of	Buenos	Aires,	CERN	and	 three	partners	
from the industrial sector.

Networking	and	education
The project, which was launched on January 1, 2011 
and supported by the European Commission until 
December	31,	2015,	mainly	serves	the	networking	and	

EU-Project	LHCPhenoNet
Software	engineering	know-how	for	European	nuclear	research.
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training of young researchers. 2012 was, therefore, a 
very special year showing not only valuable discoveries, 
but	also	significant	new	opportunities.

After a special start in the summer of 2012, with the 
official	announcement	of	CERN	that	there	 is	evidence	
of the long-sought Higgs-Boson particle on July 4, 
the	 Summer	 School	 in	 Hagenberg	 a	 week	 later	 was	
another highlight of the project. 43 participants from 
around the world met and discussed sum theories of 
particle	 physics	 for	 almost	 a	 week	 at	 the	 Summer	
School organized by the RISC Institute with the support 
of	the	German	Electron	Synchrotron	(DESY)	and	RISC	
Software GmbH.

People
One of the young researchers able to further 
develop	 their	 knowledge	 and	 career	 in	 the	 context	 of	
LHCPhenoNet	 is	Dr.	Mark	Round,	who	was	active	 at	
RISC Software GmbH in this project from fall 2011 to 
spring 2013. Dipl-Phys. Alexander Hasselhuhn has been 
employed in this project at RISC Software GmbH since 
autumn	 2012,	 and	Dipl-Phys.	 Fabian	Wißbrock	 since	
autumn 2013. Integrated in a RISC Institute research 
group,	 both	 are	 working	 on	 their	 doctorates	 in	 high	 
energy physics.

Additionally,	 RISC	 Software	 GmbH	 offers	 internships	
for	 researchers	 of	 LHCPhenoNet	 in	 the	 scope	 of	 this	
project. Thus in the fall of 2012, two graduate students 
from	 Poland	 got	 to	 know	 the	 Advanced	 Computing	
Technologies	 (ACT)	 unit	 for	 two	months.	Not	 only	 on	
an intercultural level, but especially professionally, the 
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exchange was a very positive experience for both the 
interns and all the employees of ACT.

The	 transfer	 of	 the	 deep	 knowledge	 in	 distributed	
system architectures, parallel software development 
and complex software from the ACT employees to 
excellent theoretical physicists also shows, especially 
in this project, the internationally quite competitive 
excellence of RISC and RISC Software GmbH.

This project is funded under the 7th EU-funded 
Framework	Programme.	More	information	can	be	found	
at http://www.lcphenonet.eu.

Mag. Michael Krieger
michael.krieger@risc-software.at

www.risc-software.at C
on

ta
ct

Figure:	Group	photo	LHCPhenoNet	 
Summer School 2012
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The main objective of the project, funded by the EU 
in February 2013 under the Marie Curie program 
“Industry-Academia Partnerships and Pathways” 
initiative, is people exchange, training and research 
activities	 in	 the	 field	 of	 comparative	 genomics	 based	
on cloud computing and high-performance computing.  
RISC Software GmbH is part of an international 
consortium, which furthermore consists of the University 

of	 Malaga	 (Spain),	 the	 Johannes	 Kepler	 University	
of	 Linz	 (Austria),	 Integromics	 (Spain),	 Hospital	
Carlos	 Haya	 (Spain),	 and	 the	 Leibniz	 Computing	 
Centre	(Germany).	

In particular, the cooperation between academic and 
industrial partners should be promoted through the 
exchange	of	staff	in	this	project.

EU-Project Mr.SymBioMath
Cloud computing for genome analysis.
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Through its interdisciplinary approach, the project 
connects life sciences as an application area, among 
others, with techniques of bioinformatics and cloud 
computing. This is necessary due to the planned 
processing of large amounts of data generated by 
modern genome sequencing techniques. This also 
constitutes the main motivation for the development 
of	 new	 applications	 in	 this	 fi	eld,	 since	 existing	
software tools are not designed for the processing of 
complete genomes.

Thematic	 key	 points	 of	 the	 proposed	 work	 are	
comparisons and visualizations of large-scale genome 
sequences up to full genomes, and phylogenetic 
trees. Another goal is the user-friendly presentation 
of the result data through visualization techniques 
for a variety of devices, such as tablet PCs or virtual 
reality environments.

The visualization techniques used include, for example, 
dot plots in which genome sequences are created by 
applying them in pairs onto graph axes and highlighting 
equivalent partial sequences. To achieve these project 
objectives, a software solution is being developed, 
consisting of cloud computing and high-performance 
computing components, bioinformatics algorithms, as 
well as modules for data access and visualization on 
a variety of output devices. These modules can be 
subsequently	assembled	into	complex	workfl	ows.	
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For the successful implementation of these projects, 
RISC Software GmbH particularly adds its competence 
in the areas of symbolic computation and cloud 
computing in close cooperation with the RISC research 
institute, and will contribute to the development 
of cloud computing and visualization components 
in close collaboration with the Leibniz Computer 
Centre. In addition, RISC Software GmbH is mainly 
responsible for public relations in the context of the 
Mr.SymBioMath project.

In	preparation	for	this	project,	a	data	processing	framework	
based	 on	 Hadoop	 (http://hadoop.apache.org)	 for	 the	
comparison of genome sequences was implemented 
by RISC Software GmbH to explore the technical 
possibilities in terms of data pre-processing, comparison 
methods and visualization options.

Mag. Michael Krieger
michael.krieger@risc-software.at

www.risc-software.at C
on

ta
ct

Figure: Dotplot
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With the rapidly growing number of devices connected 
to the Internet, the amount of data generated is  
also growing.

This is generated by each device and its users, 
regardless of whether the devices are mobile phones, 
industrial equipment, household appliances or vehicles. 
In industrial environments, important information about 
the actual production processes can be collected by 
specific	 data	 collection	 with	 sensors.	 Likewise,	 for	
complex IT infrastructures, data is gathered at various 
points in order to gain information on the state of the 
infrastructure. But vehicles can also use anonymized 
data	 to	 provide	 information	 on	 the	 traffic	 volume	 in	
different	regions.

With COLLIBRI, RISC Software GmbH has developed 
a	 library	 for	 the	 efficient	 collection	 and	 analysis	 of	
large amounts of data. COLLIBRI processes the data 
streams generated by individual devices and services 
and is designed for distributed environments with a 

large amount of raw data. The distributed architecture 
of COLLIBRI allows the rapid processing and targeted 
analysis of individual data streams. If the generated 
data sets can no longer be stored, COLLIBRI allows 
the	data	streams	to	be	filtered	and	analyzed	in	real-time	
and	to	store	only	filtered	data	or	even	results.

COLLIBRI was developed at RISC Software GmbH 
as part of the research project PIPES-vs-DAMS within 
the	framework	of	the	“ICT	of	the	Future”	project	of	the	
Austrian	Research	Promotion	Agency	(FFG).

COLLIBRI
The next generation of data analysis.

DI Paul Heinzlreiter
paul.heinzlreiter@risc-software.at
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The rapid spread of sensors and devices commu-
nicating over the Internet presents ever greater 
challenges for electronic data processing. Apart from 
storage and processing, verifying the correctness of 
the data is one of the biggest problems. Especially in 
case	of	 large	data	streams	 it	 is	possible	 that	packets	
are lost, replicated or inserted from outside – by  
third parties.

With LogicGuard, RISC Software GmbH, together with 
the RISC Institute of the Johannes Kepler University 
Linz and the company SecureGuard GmbH, is 
developing	 a	 possibility	 to	 automatically	 check	 data	
flows	for	correctness.

By describing the characteristics of the data streams 
in a language based on predicate logic, LogicGuard is 
able to detect and react to deviations in data streams. 
During	 checking	 not	 only	 can	 the	 characteristics	 of	
individual	 data	 packets	 be	 analyzed,	 but	 also	 their	
temporal sequence.

This	check	is	designed	for	the	real-time	processing	of	
data streams and is therefore carried out extremely 
efficiently	 with	 the	 lowest	 possible	 storage	 require-
ments. In addition, the formal description language 
also clearly shows that data streams were correct  
or incorrect. 

LogicGuard is being developed in the LogicGuard II 
research	project	within	the	framework	of	the	“BRIDGE	
1” support rail of the Austrian Research Promotion 
Agency	(FFG)	of	RISC	Software	GmbH.

LogicGuard
On the correctness of data streams.

Bashar Ahmad, MSc
bashar.ahmad@risc-software.at

www.risc-software.at C
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Research Unit Medical Informatics
Highly specialized software for modern medicine.
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The Research Unit Medical Informatics has been 
successfully	 integrating	 complex	 scientific	 methods	
into highly specialized medical software for more than 
a decade now. The strength of the interdisciplinary 
team	working	in	Hagenberg	lies	in	the	development	of	
internationally recognized specialized software.

This	success	is	promoted	by	a	large	network	of	national	
and international medical collaborators and partners, 
such as the Hospital Barmherzige Brüder Linz, Kepler 
Universitätsklinikum	 Med	 Campus	 III	 and	 Neuromed	
Campus Linz. In cooperation with the latter, RISC has 
developed a software system for simulating cerebral 
blood	 flow	 based	 on	 complex	 and	 computationally	
demanding models. Here, the strength of the research 
unit becomes obvious: The application of modern 
scientific	methods	 from	Mathematics,	 Informatics	and	
Biomechanics in order to solve bleeding edge medical 
problems. Our experienced researchers, together 
with	 an	 international	 network	 of	 medical	 experts,	
provide a profound basis for sustainable research  
and development.

Our aim is to perform application-oriented research in 
modern	medicine.	At	the	same	time,	we	strive	to	take	
advantage	of	our	partner	network	and	to	continuously	
extend it. Project results are utilized and transformed 
into clinically-applicable software solutions in close 
cooperation with our medical partners. Moreover, 
results of this intensive and continuous research 
process are not only incorporated into the software 
solutions, but are also presented to a professional 
audience at international conferences and published in 
scientific	journals.

The combination of academic research, coupled with 
entrepreneurial innovation and the motivation for new 
challenges, has turned the department into a successful 
R&D partner for national and international projects.

We	 thank	 the	 Upper	 Austrian	 State	 Government	 for	
the funding of our projects that allows permanent 
and	continuous	work	on	our	research	activities	 in	 the	
Research Unit Medical Informatics.

The projects of the Research Unit Medical Informatics 
are funded by the State of Upper Austria through the 
Strategic Economic and Research Program “Innovative 
OÖ 2020.”
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Introductory	Remarks	by	

Prof. Dr. med. Priglinger

In	 recent	 decades,	 the	 field	 of	 ophthalmology	 has	
undergone	 a	 rapid	 development.	 New	 technologies	
have enabled more sophisticated research methods 
and microsurgical techniques. However, the sub-area 
of	 ophthalmology	 specifically	 dealing	 with	 eye	
motility disorders and visual impairment in children is  
still disadvantaged.

Therefore, it was important to me from the beginning 
of	my	 career	 to	 take	 countermeasures	 against	 these	
disadvantages. Most notably, eye motility disorders 
and visual impairments need early diagnosis and 
treatment. The software system SEE-KID attempts 
to	 offer	 an	 experimental	 platform	 for	 the	 simulation	
of pathologies and to support the evaluation of  
surgical procedures. 

In the meantime, SEE-KID has been established as a 
valuable tool for computer-aided teaching and learning 
at national and international medical institutions.

For	three	decades,	I	have	been	working	with	the	FAW	
Institute of Dr. Wagner, with the University of Applied 
Sciences Hagenberg, with Dr. Spalt, and, most recently, 
with RISC Software GmbH. Together we were able to 
achieve improvements in the diagnosis and treatment 
of visual impairment.

This tradition of cooperation with the University of 
Applied Sciences Hagenberg is continued in theses and 
joint projects on orbital and functional neuroanatomy 
of the brain. DI Wolfgang Freiseisen is continuously 
supporting	 the	 further	 development	 of	 our	 work	 in	 a	
very	understanding	manner;	 therefore,	 I	would	 like	 to	
thank	him	and	the	entire	supervisory	board.

Prof. Dr. med. Siegfried Priglinger
Former Head of Orthoptics at the Hospital 

Barmherzige Brüder,
Consulting Physician at AKH Linz
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Introductory	Remarks	by	

OA Dr. med. Haller

The state of science of an era is always a 
“contemporary standard of error” that progress catches 
up to. The multitude of possibilities often leads to 
overstraining the user and increases the importance of  
software usability.

The BurnCase 3D project started with an idea that 
others had already partially had before. The three- 
dimensional representation of the human body as a 
basis for calculations of surface areas in the context 
of burn diagnostics had been tried before, but was 
discontinued	 due	 to	 technical	 and	 practical	 diffi-
culties. However, the developers of BurnCase 3D 
have overcome these problems with modern graphics 
technology. Adapting body models to the patient 
was	 one	 of	 the	 project’s	many	 tasks.	 BurnCase	 is	 a	
world-wide unique system in regard to its three-dimen-
sional representation and adaptation of burn patients.

The usage of this system provides clear advantages 
to the user: automatic encoding of diagnoses and 

surgical procedures, evaluability, generation of reports 
and the truly innovative picture archiving. Know-how 
and innovative solutions to problems where others 
have	 failed,	 scientific	 cooperation	 and	 networking,	
integration into RISC, and the personal commitment of 
all those involved in the project have made BurnCase 
the internationally accredited, successful project that is 
now envied. 

To handle such a project, a solid base is needed 
– ideas alone are not enough. Such a project 
requires	 excellent	 employees,	 financing,	 resourceful	
development, cooperation and commitments. With all 
this available, BurnCase is in very good hands at RISC  
Software GmbH!

OA Dr. med. Herbert Haller
Senior Physician at the AUVA burn unit of the 

Unfallkrankenhaus	Linz
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For more than 18 years already, the research 
project SEE-KID / CEVD has been dealing with the 
computer-based simulation of eye motility disorders 
and their operational treatment. A major goal here is 
the	development	of	the	software	system	SEE	++	as	a	
new teaching and learning tool which supports vivid 
thinking,	especially	with	complex	functional	disorders.
For this purpose, the software provides a biomechanical 
model of the human eye, which was developed within 
the project, as well as a 3D virtual patient with a 
realistic visualization of the shape and movement of 
the extraocular eye muscles. On this basis, the system 
allows an interactive simulation of eye motility disorders 
and their surgical correction.

In addition to a biomechanical model of the human 
eye	 developed	 in	 the	 course	 of	 the	 project	 work,	
the	 software	 also	 offers	 the	 simulation	 of	 a	 three-
dimensional „virtual patient“ together with a realistic 
representation of the muscle shape and movement. 
This allows an interactive simulation of malocclusions 

and eye muscle operations. In order to further improve 
the use of software in teaching and training, the 3D 
representation of the virtual patient has been steadily 
expanded in recent years. The most recent extensions 
are the integration of the cranial bone, as well as a 
dynamic representation of the cerebral nerves which 
run in the area of the orbital cavity. The modeling 
and visualization of the nerve pathways from the 
extraocular eye muscles to the brain can also be used 
for the interactive parameterization of the innervation 
distribution,	which	significantly	facilitates	the	simulation	
of neuronal diseases for the user. The future project 
work	 will	 focus	 on	 the	 further	 development	 of	 the	
biomechanical model as well as on the simulation of 
new surgical techniques.

Since 2010, a new application called AmblyoCare has 
been	developed.	AmblyoCare	offers	standardized	and	
variable tests on the computer for the classic amblyopic 
treatment methods in order to better capture additional 
visual	characteristics	and	thus	make	them	more	useful	

Research Project SEE-KID / CEVD
Biomechanical simulation of eye motility disorders & strabismus surgeries.
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Figure: Easy use of AmblyoCare on a tablet
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for	 everyday	 use.	 The	 daily	 work	 with	 the	 patient	 is	
made	much	easier	by	the	fl	exibility	of	the	software.	The	
practical use of AmblyoCare in the clinic is currently 
being evaluated in Austria in amblyopia diagnosis 
and therapy and early-stage screening, where it 
is increasingly supplementing or even replacing 
conventional devices such as the nystagmus drums or 
picture cards.

In 2015, AmblyoCare‘s complete porting to mobile 
platforms	could	be	completed	to	enable	a	more	fl	exible,	
ambulatory use. AmblyoCare is now available for three 
diff	erent	 operating	 systems	 (Windows,	 Android	 and	
iOS),	 thus	 covering	 all	 current	 popular	 platforms.	 In	
the future, there will also be an independent version 
of AmblyoCare for home use in order to simplify the 
handling of the software system for patients, thereby 
further promoting the therapy aspect of the application.

Figure: From the mechanical model to the highly 
developed	computer	program	SEE	++
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Research Project SEE-KID / CEVD - Partners
Without our long-standing and reliable partners, our successes would not be possible!

Acknowledgments:	Specifi	cally,	we	want	to	thank	Prof.	Dr.	Priglinger	for	his	tireless	dedication	to	the	SEE-KID	/	
CEVD	project.	We	also	thank	Mag.	Ausweger	of	the	Hospital	Barmherzige	Brüder	Linz,	as	well	as	Prim.	Univ.-
Prof.	Dr.	Priglinger	 jun.,	Prim.	Univ.-Prof.	Dr.	Fellner	 and	Dr.	Brock	 from	 the	Kepler	Universitätsklinikum	Med	
Campus	III	for	their	sustained	support	of	our	work.	Finally,	we	thank	Prim.	Priv.	Doz.	Dr.	Hörantner	of	the	Hospital	
Barmherzige Schwestern Ried and FH-Prof. Scharinger, MBA of the University of Applied Sciences Salzburg and 
Ms. Hirmann, MBA of the University of Applied Sciences Campus Wien for the excellent cooperation.
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Beyond 2009, the year in which Linz was European 
Capital of Culture, the SEE-KID project continues 
to	 have	 a	 presence	 in	 the	 exhibition	 “New	 Views	 of	
Humankind”	with	an	installation	in	the	Main	Gallery.

The SEE-KID installation at the Ars Electronica Centre 
puts the focus on the visitor and analyzes his/her eye 
movements	using	an	eye	tracker.	Different	visual	stimuli	
are presented to a test person on a small monitor, which 
trigger	different	eye	movement	patterns.	On	a	second,	
larger monitor, the other visitors also see the presented 
visual stimuli superimposed with the eye movements of 
the	test	person	drawn	as	a	red	line.	Thus,	different	types	
of	human	eye	movements	(fixations,	saccades,	smooth	
pursuit	 movements,	 and	 optokinetic	 nystagmus)	 can	
be directly observed on the larger monitor.

Moreover, the biomechanical eye model SEE-KID is 
used for a real-time visualization of the measured eye 
movements, which is projected onto a large screen to 

give	 the	visitors	an	overview	of	 the	 inner	workings	of	
the complex human eye movement system.

Originally, the SEE-KID installation was only planned 
for the year 2009, but was extended due to the huge 
success	 and	 the	 positive	 feedback	 of	 the	 visitors.	
Therefore, also in the future visitors will be given an 
insight	 into	the	different	types	of	eye	movements	and	
the results of the research project SEE-KID. Currently, 
work	is	also	being	carried	out	on	a	separate	installation	
in the new Deep Space 8K, which will enable visitors 
to	experience	the	SEE-KID	eye	model	for	the	first	time	
interactively in a large projection of 16 by 9 meters.

Ars Electronica SEE-KID Installation 
Dynamic	visualization	of	different	types	of	eye	movements.
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A core area of the Research Unit for Medical Informatics 
is objective documentation based on virtual patients 
(three-dimensional	models	adapted	to	the	real	patient).	

The	origin	of	this	research	area	lies	in	the	BURNCASE	
3D	project,	a	software	system	to	optimize	the	scientific	
documentation of severe burn injuries. Manual 
determination of the burn extent of patients is subject 
to high error rates and individual variability. 

Computerized, complete and objective documentation 
of the accident and the entire therapy provides 
the	 basis	 for	 evidence-based	 scientific	 evaluations	
and	 assessments	 of	 burn	 treatment.	 BURNCASE	
3D improves the quality of burn assessment and 
documentation by automatically generating evaluations 
and coding suggestions.

The system is completely adaptable to country and 
institution to support and improve the documentation 
of burn injuries.

Through the establishment of this software in the burn 
injury	field,	a	large	amount	of	scientifically	analyzable	
data can be generated as a basis for studies 
and	 for	 creating	 a	 global	 expert	 system	 to	 benefit	 
burn treatment.

The	results	in	this	application	field	have	demonstrated	
the	 advantages	 of	 efficient,	 objective	 documentation	
on	 a	 virtual	 patient.	 Meanwhile,	 these	 findings	 and	
methods have been used, for example, for chronic 
wound documentation. Even in chronic wound 
treatment, a success assessment of current therapies 
is possible only by means of chronological, structured 
and objective wound documentation. 

The reoccurring demands for a comprehensive data 
collection in order to create medical evidence, as well 
as expert and support decision systems have not been 
sufficiently	met	yet.	The	QUTIS	3D	project	fulfills	these	
requirements and helps collect high-quality data for the 
analysis of chronic wounds.

Research	Project	BURNCASE	3D
Objective diagnosis and documentation on virtual patients.
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In	order	to	concentrate	the	research	work	in	this	area,	
we are collaborating with the Ludwig Boltzmann Institute 
for Clinical-Forensic Imaging. They are engaged in the 
presentation of clinical and forensic data in court, which 
requires the preparation of diverse data sources such 
as	images	and	volumetric	imaging	modalities	(CT,	MR).	
A corresponding presentation tool is being developed 
using	the	joint	experience	in	this	fi	eld.
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Figure: Burn documentation by means of the pa-
tient-customized 3D model
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The CALUMMA project has expanded in recent years 
from a generic data acquisition prototype into one of 
the research and development priorities of the research 
department Medical Informatics.

CALUMMA is an innovative data management system 
and actively supports the user from data modeling, 
through data integration and validation, to processing 
and evaluation. Without needing IT expertise, one 
is able to realize the vision of a tailor-made data 
management system for medical research by means 
of	CALUMMA.	With	just	a	few	clicks,	the	researchers	
build the necessary data structures.

The entire system adapts itself in real time to the 
structural	specifi	cations.	Due	to	this	fl	exibility,	changes	
in requirements are uncomplicated and can be carried 
out at any time.

Numerous	 research	projects	have	been	 implemented	
with CALUMMA:

• OBIK LEIVMED is the result of the cooperation 
with the Bachelor program Process Management 
in Healthcare of the Campus Steyr of the University 
of Applied Sciences Upper Austria. The aim of this 
research	 project	 is	 a	 comparative	 benchmarking	
which supports and optimizes the planning and 
disposition of surgical interventions in several 
hospitals.

• The	 ANEURYSMEN	 Registry	 was	 established	
in	 long-term	 cooperation	 with	 the	 Neuromed	
Campus	 of	 the	 Kepler	 Universitätsklinikum	 Linz.	
In this process, heterogeneous medical data was 
gathered, which, in addition to patient registration, 
also included various patient aneurysm data, as 
well as information on ongoing treatments and 
follow-up controls. The collaboration enabled 
the development of a visualization component 

Research Project CALUMMA
Ontology-based data infrastructure for medical research.
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integrated in CALUMMA for the simple visualization 
and evaluation of the data, based on the structured 
data acquisition as well as the assurance of the 
anonymity of the stored data.

• Together with the project partners Johannes Kepler 
University Linz and the Oncology / Hematology 
Department	 of	 the	 Kepler	 Universitätsklinikum	
Med Campus III, the current research project 
TourGuide	 has	 been	 working	 since	 the	 end	 of	
2015. The intention of this project is to create an 
interactive research platform that supports medical 
researchers	in	the	fi	eld	of	tumor	therapy.	Similar	to	
a navigation system, the user is guided through the 
data analysis. The system accelerates the analysis 
process by proposing suitable methods as well as 
potentially interesting contexts.
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Figure:  Intuitive visual data exploration in 
CALUMMA
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The goal of the research project MEDVIS 3D, which is 
being	 carried	 out	with	 the	 former	 Landesnervenklinik	
Wagner	Jauregg	and	 the	Kepler	Universitätsklinikum,	
is the development of a universal software tool for the 
easy and fast reconstruction of aneurysms from medical 
image	data	(MR,	CT,	etc.).	Based	on	the	intensity	data	
of these modalities, our software is able to reconstruct 
and directly visualize the acquired volume in 3D. 
The	 system	 marks	 areas	 that	 contain	 pathologically	
dilated	 vessels	 (aneurysms)	 and	 calculates	 various	
measures	 like	 diameters	 or	 volume.	 Inlet	 planes	 can	
be	defined	by	 the	user	 through	direct	 interaction;	 the	
system automatically reconstructs the vessel pathway 
between those planes. Thus, the software supports 
the diagnosis of aneurysms and allows a quantitative 
assessment of the therapy progress.

Reconstructed 3D geometry data can be integrated into 
a computer simulation model. Using the Finite Element 
Method	 (FEM),	 the	 system	 can	 simulate	 the	 blood	
flow	 in	 the	brain.	The	complex	numerical	 solvers	are	

accelerated	by	the	Algebraic	MultiGrid	method	(AMG),	
High	Performance	Computing	 (HPC)	 and	 by	modern	
GPU programming.

Depending on the complexity of the vessel structure, 
one	simulation	run	takes	anywhere	from	several	minutes	
up to many hours. Our system can calculate velocity 
and	pressure	fields,	as	well	as	surface	stresses	at	the	
vessel wall, and even determine the displacement of 
the	 vessel	wall	 by	 the	 blood	 pulse.	Thus,	 the	 risk	 of	
a	 rupture	of	 the	dilated	vessel	 (hemorrhage),	as	well	
as adequate therapy measures, can be derived from 
the simulation results. The system is currently being 
evaluated together with medical experts in clinical 
routine and all results are being stored in a central 
database. This shall lead to a deeper understanding of 
the mechanical processes involved in the development 
and growth of aneurysms.

Developed by the Medical Informatics research 
department of RISC Software GmbH, the software 

Research Project MEDVIS 3D
Blood	flow	simulation	in	the	brain	on	the	basis	of	medical	image	data.
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will be evaluated in clinical use and further developed 
with the leading centre in Upper Austria, the Wagner 
Jauregg	 State	 Neurological	 Clinic	 of	 the	 GESPAG.	
The	research	project	is	fi	nanced	by	the	State	of	Upper	
Austria, the GESPAG, the AKH Linz GmbH and by 
funding from the FFG.

A clinically usable version of MEDVIS 3D has existed 
since 2013 and is available for download on the 
website.	Since	2016,	we	have	been	working	together	
with the central radiology institute of the Kepler 
Universitätsklinikum	 and	 Mattes	 Medical	 Imaging	
GmbH on a prediction model for complications 
following endovascular care of aortic aneurysms 
(EVAR).	 Based	 on	 demographic	 and	 geometric	 data	
as	well	as	the	calculated	blood	fl	ows	at	diff	erent	times	
before and after the procedure, a prediction of typical 
complications	(endo	leaks)	is	to	be	taken.

The project entitled EndoPredictor is funded under the 
FFG „Innovatives OÖ 2020“ program.
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Figure: Cerebral aneurysm with blood simulation 
fi	ndings

Figure: MEDVIS 3D enables virtual measurements 
of cerebral vessels
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Disorders	 of	 blood	 circulation	 in	 the	 brain	 (stroke	 and	
cerebral	 hemorrhage)	 are	 among	 the	 most	 frequent	
causes of death in western industrialized countries. 
Intracranial aneurysms, one of the main causes of 
bleeding,	 are	 treated	 with	 two	 fundamentally	 different	
strategies: In the minimally invasive method called coiling, 
the	aneurysm	is	filled	with	a	wire	coil	via	a	catheter,	while	
in	the	conventional	neurosurgical	method	(clipping),	the	
skull	is	opened	and	one	or	more	titanium	clips	are	placed	
on the artery, which should clamp the aneurysm from the 
blood circulation. Since the endovascular procedure is 
increasingly being used for simple types of aneurysms, 
only complex aneurysms remain for clipping. 

For incoming neurosurgeons, it is therefore becoming 
increasingly	difficult	to	find	simple	situations	where	they	
can develop the necessary expertise for complex cases. 
The	operation	simulator	VIRTUAL	ANEURYSM	of	RISC	
Software GmbH is designed to provide a solution. It 
allows	 the	 training	of	 clipping	 interventions	 in	different	
virtual scenarios. The system is equipped with two 

haptic	 input	 devices	with	 force	 feedback	 as	well	 as	 a	
stereoscopic display. Several aneurysm geometries with 
varying	degrees	of	difficulty	are	available,	and	the	user	
can choose from a list of over 50 3D-modeled clips of 
different	sizes	and	shapes.	

At the beginning of the training, the user exercises 
the correct head positioning as well as the optimal 
positioning of the craniotomy for the respective case. 
During the actual clipping operation, the simulator 
constantly detects and responds to collisions between 
instruments and tissue. The realistic deformation of the 
blood vessels is calculated and visualized in real time 
using	a	specially	optimized	finite	element	method	on	the	
GPU. The resulting forces are sent to the haptic devices 
so that the trainee can feel the resistance of the tissue. 
Installed on one of the devices is a clipping forceps 
with a sensor for the measurement of the opening 
angle, which is transmitted in real time to the simulator. 
Depending	on	the	degree	of	difficulty	selected,	a	rupture	
may also occur, and the surgeon must then stop the 

Research	Project	VIRTUAL	ANEURYSM	
Haptic simulation of neurosurgery interventions.
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bleeding within a predetermined period of time and treat 
the ruptured aneurysm. After the end of the training, the 
user can view his/her result from all angles. In order to 
achieve an objective evaluation of the training, the blood 
fl	ow	 through	 the	artery	with	an	anchored	aneurysm	 is	
calculated. In this way, the induced stenosis and the 
residual	 fl	ow	 into	 the	 aneurysm	 can	 be	 estimated,	
which	leads	to	a	fi	nal	assessment	scheme.	All	 training	
data is stored for each user and can be visualized and 
compared at any time.

This project was funded by the Upper Austrian 
State Government and the FFG under the BRIDGE 
program	 (Project	 838519).	 Partners	 are	 the	 Kepler	
Universitätsklinikum	 Neuromed	 Campus	 (NC)	 Linz,	
Med Campus III and the German medical technology 
manufacturer	Aesculap	AG,	the	world	market	leader	for	
hand-held surgical instruments.
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The prototype of the simulator is in a test phase 
at	 the	 NC	 and	 is	 to	 be	 further	 developed	 in	 the	
coming years together with the Canadian company 
OSSim Technologies into a commercial product and 
distributed worldwide.

Figure: 3D illustration of brain vessels and virtual 
operating instruments

Figure: Virtual clipping operation with 3D view and 
haptic	feedback
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Cooperation Partners
Without our long-standing and reliable cooperation partners our success would 
not be possible!

PLM Institut für Produktions- 
und Logistikmanagement

RISC Institut
HEAL
HEURISTIC	AND	EVOLUTIONARY	
ALGORITHMS	LABORATORY
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Cooperation Partners
Without our long-standing and reliable cooperation partners our success would 
not be possible!
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