
No. 7 / December 2011

Business Unit Transportation
News – Projects – Technical Papers

©
 D

eutsche B
ahn AG

Mixed Operation –  
Eliminating Tunnel 
Encounters

CENELEC Standards –  
Challenge and 
Opportunity

Software Architecture –  
Basis for the System 
Life Cycle



PREFACE
Dear Reader,

We would like to use the editorial of this 
newsletter edition to present a project 
that is of particular importance to us. 
As an engineering service provider, we 
have developed a technical system dir-
ectly for an infrastructure provider for 
the first time. The customer was DB 
Netz, who has started using the "mixed 
traffic conflict warning system" along 
the high-speed section Fulda-Burgsinn. 
During system development, Berner & 
Mattner was in charge of the subsys-
tems "central conflict detection" and 
"operating workstation".
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The fact that we were able to put the 
system into operation as planned in a 
joined effort is not only remarkable with 
respect to the very tight schedule, but 
also with respect to the form of coopera- 
tion being the first of its kind for both 
companies. A key element for success 
was undoubtedly the close involvement 
of Berner & Mattner as a development 
partner in the entire development pro-
cess, beginning with the system defini- 
tion and specification. At this point, I 
would like to express my thanks once 
again for the very good and close co-
operation with the project manage-
ment and technical experts of DB Netz.
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Our technical paper on page 6 also 
deals with the development of soft-
ware-intensive control systems. We 
present a model-based approach, sys-
tematically implementing essential re-
quirements of the CENELEC standards 
such as function-based development, 
modularity, and traceability.

Enjoy reading!

Thorsten Hiebenthal
Head of Transportation
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To date, freight and passenger train 
encounters in tunnels have been elim-
inated by suitable operating proced-
ures avoiding encounters of passenger 
and freight trains by defining time win-
dows (day/night operation).

Construction works along parallel  
routes, however, forced DB Netz to find 
a new solution along the section Fulda- 
Burgsinn for the fall of 2009. Due to 
construction works, freight trains had 
to use the tunnel-rich section for a de-
fined time during the day, in addition to 
passenger trains. The task was thus 
to reliably prevent tunnel encounters 
between passenger and freight trains, 
also for short-term schedule changes. 
DB Netz approached uncharted territ-
ory developing the technical protection 
against tunnel encounters.

Due to safety reasons, encounters of passenger and freight 
trains in multi-track tunnels on high-speed tracks are not permit-
ted without restriction. Usually, this can be achieved by restrict-
ing the usage along the affected sections during operational 
phases to trains of the same type (only passenger or freight 
trains). But what if mixed operation is inevitable due to capacity 
constraints or construction works? During a three-week construc- 
tion project, passenger and freight trains were redirected via the 
railway route Fulda-Burgsinn. A technical assistance system 
(conflict alert system) helped avoid encounters, amongst others.

Deutsche Bahn
Mixed operation along the railway  
line Fulda-Burgsinn

Authors: Roland Herzig (l.), Head of I.NVT33  
Interlocking Systems, DB Netz AG, and Cengiz 

Genc (r.), Project Manager, Berner & Mattner

Tight schedule

Work on the project "mixed traffic" 
started in December 2007. The rail-
way-internal analysis and require-
ments description was followed by a 
call for tender for the technical imple-
mentation concept. Partial contracts 
of DB Systemtechnik were assigned to  
various partner companies to cover 
train detection and interlocking sys- 
tems.

The development of the operating sys-
tem and the central conflict detection 
– an IT system for track sensor evalu-
ation, identification of potential tunnel 
encounters and communication to the 
traffic controllers along the way – was 
assigned to the system developers of 
Berner & Mattner.

"The development was launched in Au-
gust 2008, mixed traffic was planned 
for the period of November and De-
cember 2009. In terms of the required 
testing, approval and acceptance pro-
cess alone, this was an ambitious 
schedule. Therefore, it was important 
to involve a competent partner who not 
only has the required know-how in sys-
tem technology but who is also familiar 
with the special procedures and organ- 
ization of Deutsche Bahn," recounts 
Roland Herzig of the client DB Netz in 
retrospect.

Complex architecture

The analysis of the central conflict de-
tection developed by Berner & Matt-
ner is based on a total of 24 meas-
uring points (ID locations) equipped 

©
 D

eu
ts

ch
e 

B
ah

n 
AG

No. 7 / December 2011



- 4 -

with wheel sensors along the sec-
tion between Fulda and Burgsinn. 
The sensor data collected with the 
measuring points, which are placed 
at different positions of the high-
speed line, helps recognize whether 
the tunnel areas are occupied by 
trains. Train identification means reli-
able detection of direction, speed, ac-
quisition time and number of axles –
and therefore the train type – through 
measuring points along the tracks. 
Sensor data is collected in various 
computers along the track and equip-
ped with uninterruptible power sup-
plies, and is finally transferred to a 
central collection point (ID collection 
computer). At the same time, the train 
number is evaluated as additional in-
formation from the train tracking bus.

All data converges in the central 
conflict detection computer system 
through an Ethernet network located 
in the Fulda interlocking. The central 
conflict detection then calculates if 
there might be inadmissible tunnel 
encounters. Hence, while these inad-
missible encounters are already ex- 

cluded from the regular schedule, 
with technical support they are also 
eliminated in exceptional situations 
such as delays.

Conflict warning via the operating 
station at the train controller

If the central collision detection recog-
nizes potential inadmissible tunnel en-
counters, it generates visual and aud-
ible alerts. They are activated at the 
operating stations located at the work-
places of the train controllers in the in-
terlockings Fulda and Burgsinn. Addi-
tionally, due to redundancy reasons, 
there is another operation station at 
the dispatcher in Frankfurt. He has to 
react only if the warnings and counter-
measures taken are not acknowledged 
by the responsible train controllers.

"Technically, it would be possible to al-
low for countermeasures to be directly 
taken by the central collision detection. 
But due to legal and license reasons it 
was decided to start with an assistance 
system – after all, it was only for a period 
of three weeks," says Roland Herzig.

Unique in the network

The central collision detection is still 
a unique project in the network of  
Deutsche Bahn and not yet approved 
for use with safety responsibility. There 
are many indications, however, that the 
challenges of the technical assurance 
of a mixed operation will be faced more 
often in the future. In particular, freight 
traffic from the seaports and through 
the bottlenecks from north to south 
plays a central role. On many new  
routes, the track runs mainly in tunnels 
or on bridges requiring correspond- 
ingly customized solutions. The de-
veloped system architecture and the 
lessons learned for the route between 
Fulda and Burgsinn, however, could be 
replicated.

"Against the background of long-stand-
ing experience in the development of 
railway systems, the experts have de-
signed the central collision detection 
in a configurable way. It was thus pos- 
sible to react on and include additional 
requirements even in later phases of 
the project, for example to satisfy per-
mit authorities. In addition, automated 
test procedures have contributed sig-
nificantly to the relatively short project 
times," comments Roland Herzig.

System setup

Benefits:

>	 Technical elimination of inad- 
missible tunnel encounters

>	 Flexible response to short-term 
schedule changes

>	 Individual solutions for various 
infrastructures

>	 Possible subsequent inclusion 
of additional requirements

>	 Short project times

Business Unit Transportation
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Embedded Software Architecture
Solid basis for the entire system life cycle
The only constant is change, even for products. Software architec-
ture is crucial for continuous changeability, thus making complex 
systems ready for the future. Improper software architecture runs 
the risk of expensive subsequent adjustments, rapid technolo- 
gical obsolescence of the solution and lack of scalability. Early  
investment in the explicit design of software architecture leads to 
long-term cost savings in development and maintenance.

In fact, each software system has a 
certain architecture, even though it may 
not have explicitly been modeled. If it is 
the accidental result of the components' 
development dynamics, a functionally 
complete and accurate application may 
emerge all the same. Problems appear-
ing later during maintenance, scaling 
or porting, however, are inevitable.

In retrospect, it has fatal consequences 
to quickly decide on a particular com-
munication technology, an interface, or 
even a programming language under 
time and cost pressure in the develop-
ment process, often without any docu- 
mentation. Considering the life cycle 
of the product and the changeability  
needed for long-term success, this  
decision then simply has been wrong.

Architecture – an integrated element

In modern, agile development proces-
ses, the solution design takes place 

continuously, leading to new architec-
ture requirements across the entire 
development process. Without con-
tinuous monitoring and correcting, a 
system will be very different from the 
documented architecture. Moreover, 
it will not adhere to prescribed ap-
proaches ensuring scalability. Well- 
designed software architecture min-
imizes the efforts for any necessary 
design changes at late stages of the 
project.

The ideal software architecture for 
your system

Do time pressure and high expectations 
for results force your developers to 
concentrate their capacity on the func-
tional requirements of a system? By in-
volving experienced software archi- 
tects already at the early stages of de-
velopment, key non-functional aspects 
can be considered as well.

The benefits are obvious:

>	 Clear structures, professional 
documentation

>	 Life cycle prediction

>	 Integration of state-of-the-art 
technologies

>	 Deliberate design decisions based 
on objective criteria

>	 Adaptable, future-proof products

Service portfolio
of Berner & Mattner

>	 Software architecture development 
and project support

>	 Analysis of existing software 
architecture

>	 Coaching and moderation

Software architecture is the struc-
tured arrangement of system com-
ponents, indicating the communi-
cation relationships between the 
components and their mapping on 
hardware or software resources.

For more information please visit: www.berner-mattner.com/en/sw-architecture

No. 7 / December 2011
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CENELEC Safety Standards
Challenge and opportunity
In the face of the growing complexity and networking of railway 
systems, the requirements concerning the development of safety- 
critical control systems are getting more and more challenging. 
For this reason, the legal requirements of the safety standards 
should not be perceived as unnecessary costs but as a tool for 
optimizing the development. This article presents an approach to 
model-based development of safety-critical systems, mainly de-
rived from the V-model of the CENELEC standards family.

Challenge and opportunity

The share of electronic and software-
intensive control systems in railway en-
gineering has increased significantly in 
recent years. Due to the growing com-
plexity of these systems and the legally 
required evidence of product safety, 
the application of safety standards is 
essential, helping manufacturers pro-
vide evidence of the compliance with 
safety requirements. The standards re-
quirements should not be perceived as 
disagreeable additional expenses but 
as an opportunity for optimizing the 
development. The standards describe 
methods and techniques that in prac-
tice have proven to be suitable tools for 
quality improvement and cost optimiza-

tion during the development of safety- 
critical systems.

Requirements concerning the mo-
deling technique

The following development process re-
quirements can be derived from the 
standards:

>	 Function-oriented development  
The technology must support the 
modeling not only of components 
but of system functions as well.

>	 Modular development 
The technology must be able 
to decompose a system into its 
subsystems.

>	 Traceability 
The technology must be able to ma-
nage links between functional requi-
rements, components, and ECUs.

Model-based development

This article presents a modeling tech-
nique for developing software-intens- 
ive control systems as applied at  
Berner & Mattner. For a detailed de-
scription of this technique, please re-
fer to the full version of this article in Ei-
senbahntechnische Rundschau (ETR) 
no. 10. The basic idea behind this tech-
nique is a model-based system devel-
opment along the system life cycle of 
the CENELEC standard. In this way, 
the basis is created for a systematic 
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Author: Dr. Alexander Harhurin, 
Consultant at  

Berner & Mattner in Munich

Complete Technical Paper 
for Download:www.berner-mattner.com/

en/technicalpapers

Business Unit Transportation
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Logical and technical architectures

In the development cycle, the logical 
architecture of a system directly fol-
lows the function hierarchy. It provides 
a rough system decomposition into its 
subsystems and logical components. 
Compared with the functional hier- 
archy, the main focus of the logical  
architecture is no longer the specifi-
cation of the functionality observable 
at the system boundary but rather the 
system structuring or splitting into lo-
gical, communicating units.

A logical architecture is essential for 
the successful development of a sys-
tem. In this architecture, safety-crit-
ical functions are clearly differentiated 
from non-safety-critical ones as re- 
quired by the safety standards. More-
over, this differentiation reduces the ef-
fort for providing a proof of safety for 
safety-related functions. A system is 
rarely developed by a single team. The 
development of complex systems is in 
fact characterized by the classic sup-
ply chain process. The structuring of 
the system into manageable subsys-
tems with well-defined interfaces re-

duces the communication effort be-
tween developers and suppliers. The 
technical architecture describes the 
implementation consisting of hardware 
and software.

Traceability

In the development of complex sys-
tems, it is common that the require-
ments and the technical infrastruc-
ture of the systems to be developed 
vary continuously. For the mainten-
ance of such systems it is important 
to be able to trace the impact of these 
changes. Therefore, the EN 50129 
lists the requirement that the require-
ments traceability must be a funda-
mental idea regarding the validation 
of a system, and that there have to be 
funds available to demonstrate this in 
all phases of the life cycle. Individual 
elements of the presented model are 
interlinked by traceability links in order 
to fulfill the requirement concerning 
the traceability between all artifacts of 
the development process. These links 
define which requirements are imple-
mented through which functions and 
ECUs, respectively.

development process of safety-critical 
systems and tool support.

System interface

In a first step, a system is determined 
by defining the system boundary to its 
environment. All elements that are not 
within the system boundary belong to 
the environment. Afterwards the sys-
tem interface for the overall system to 
be specified is determined.

Function-oriented specification

Based on the previously defined inter-
face, the system functionality is spe-
cified. The functionality of a system 
results from the combination of indi- 
vidual system functions. The functions 
only specify the external behavior of 
the system and avoid preliminary de-
cisions regarding the system design. 
Functions are modeled using inter-
action patterns in order to make the 
complexity of the functions manage-
able and comprehensible for all par-
ticipants. An interaction pattern is a 
sequence of messages between the 
system and its environment, observ-
able at the system boundary and in a 
timely order.

Subsequently, individual functions are 
integrated into an overall model taking 
their interactions into account. Interac-
tions between functions describe how 
the independently modeled functions 
interact with one another to provide 
the desired overall behavior. To get an 
overview of a variety of functions, they 
are structured hierarchically.

- 7 -
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Summary

The following summarizes the advant-
ages of the presented model-based 
approach:

The function-oriented specification is 
clear and precise, being able to serve 
as a contract between principal and 
manufacturer.

System functions and not components 
are the focus of this approach, sim-
plifying the required proof of safety  
for all safety-related functions of a 
system.

The logical architecture structures the 
system into logical units. The struc-
turing of the system into manageable 
subsystems with well-defined inter-
faces reduces the communication ef-
fort between developers. In addition, 
safety-related functions are differenti-
ated from all other functions in the lo- 
gical architecture.

All models are linked to one another 
by traceability links. This is neces-
sary for a consistent proof of safety  
of individual system functions and re-
duces the effort of system mainten- 
ance.

Conclusion

The presented approach pro- 
vides the basis for a systematic 
development process as well as a  
model-based tool support.

In addition, the legal require-
ments to provide a proof of safety 
for all safety-related functions 
can be fulfilled.

Business Unit Transportation
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>	Safety and validation plan
>	Hazard and risk analysis
>	Safety assessments along the process
>	Process consulting on development and validation

Proof of Safety

Systems Engineering
>	Understanding of the system 

functions

>	Modeling of the system 
behavior

>	Deriving of the system 
architecture

©
 iS

tockphoto.com
/geopaul

Software Engineering
>	Specification techniques
>	Architectures
>	Model-based development
>	Development according to 

SIL 2
>	Test engineering
>	Assessment according to  

EN 50128

Processes and Standards
>	EN 50126, 50128, 50129
>	 IEC 61508
>	V-Model XT
>	Requirements engineering
>	Quality assurance
>	SIRF, VVIBG, TSI, CSM

Detailed Design

Components
Integration & Test

System
Integration & Test

System
Demonstration & 

Validation
Customer

Requirements

System Design

Component
Design

Decom
position In
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Procurement and manufacturing

Consulting and own products

Processes Methods Tools
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Since July 2011 Manfred Heidegger 
has been directing the newly formed 
team "System Engineering" at Berner 
& Mattner in Vienna. He is the ideal 
internal filling of this position. Previ-
ously, since the start of the Vienna 
subsidiary in 2009, he had worked as 
project manager for Transportation 
Systems at Berner & Mattner. He had 
successfully implemented projects, 
both in the railway infrastructure sec-
tor and the rail vehicle development, 
for major rail companies and rail vehicle 
manufacturers.

Manfred Heidegger Takes Over Team Manage-
ment of System Engineering in Vienna

Manfred Heidegger is an electrical en-
gineer with focus on energy technology 
and power electronics. Having worked 
in the automotive and traffic telematics 
environment for more than ten years, 
he looks back on a comprehensive 
cross-industry experience in the de-
velopment of complex electronic sys- 
tems. Over the past two years, he has 
broadened his range of competence 
mainly with the safety-critical develop-
ment of mechatronic applications in the 
rail industry focusing on CENELEC-
compliant systems and software de-

velopment with standards-compliant 
functional and technical safety as-
pects. Professional project manage-
ment is another expertise of Heidegger.

Manfred Heidegger  
Phone: +43 (1) 585 1861-211 
Email: manfred.heidegger@ 

berner-mattner.at

SCORE Student Contest: B&M Student 
Konrad Reiche in the Winning Team of FU Berlin

Students of the Institute of Computer 
Science at Freie Universität Berlin have 
won the international contest on soft-
ware engineering – in short "SCORE". 
A member of the winning team was our 
student trainee Konrad Reiche (Trans-
portation Systems, Berlin), who pre-
vailed with his four teammates against 
83 teams from 22 countries.

The Software Engineering Contest 
"SCORE" was organized as part of the 
prestigious ICSE (International Con-
ference on Software Engineering) in 
Honolulu, Hawaii, from May 21 to 28, 
2011. It takes place every two years 
and is organized by a worldwide group 
of computer science professors with 
the aim of challenging the world's 
best student teams in software engin- 
eering. The green light was already 
given in spring 2010. From then on, 

the students of FU Berlin adopted the 
most advanced software engineering 
methods in an exemplary form and 
used genetic algorithms to develop a 
web-based planning system for lec-
tures and courses at universities and 
schools. In addition to features such 
as the course catalog, the software  
"SceTris" allows to automatically gener-
ate schedules and display scheduling 
conflicts. The room usage is thus opti-
mized, since it already indicates during 
the planning phase if, for example, a tu-
torial takes place at the same time as a 
lecture of the same semester.

The 20-page summary report and the 
submission of the entire project, includ- 
ing design documents and source 
code, have convinced the jury. Among 
the world's top five teams – from Ger-
many, Croatia, Sweden, Singapore 

Dr. Matthias Grochtmann, Team Leader  
Transportation Systems, Berlin (r.),  

compliments the awardee 
Konrad Reiche (l.).

and Spain – the Berlin students were 
invited to the conference in Honolulu. 
With three presentations in the form of 
lectures, poster and demo sessions, 
the students of Freie Universität Berlin 
were able to convince in the finals and 
ranked first.
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News from other 
industries

Dr. Christian Hock, 
Head of Industry Division:

The user-centric develop-
ment of HMI solutions has 
many advantages:

>	 Optimized user 
interaction

>	 Workflow-based user 
guidance

>	 Attractive look & feel

>	 User-verified with 
prototypes and mockups

>	 Flexibility in development

Control at your Fingertips
Berner & Mattner and Centigrade present innovat-
ive touch interface software solutions
The Munich software experts and their partner Centigrade present 
approved process models and award-winning practical examples 
for the development of intuitive touch software for industrial de-
vice control systems. The solutions developed by both partners 
improve among other things the usability of human machine 
interfaces.

Berner & Mattner and its partner  
Centigrade show how manufacturers 
of machinery and plants can improve 
functionality and usability of human 
machine interfaces through modern, 
touch-sensitive interfaces.

"Intuitively usable human machine in-
terfaces are competitive factors in 
today´s industrial device development. 
Very often, however, the resulting mar-
ket opportunities are neglected in the 
development of new products", ex-
plains Dr. Klaus Wiltschi, Head of the 
Industrial Customers Department 
at Berner & Mattner. "High-quality 
touch displays are state of the art for  
industrial control units. Together with  
modern software platforms, they offer 
multiple options for efficient and effect-
ive interaction solutions. The develop-
ment of intuitive touch user interfaces, 
however, requires specific expertise 
regarding usability, relevant HMI devel- 
opment processes and innovative 
GUI software technologies. Together 
with Centigrade, we have successfully  
broken new ground in the development 
of touch interfaces. We apply special-
ized development tools and processes 
and support manufacturers of complex 

industrial equipment who are inter- 
ested in intuitively usable touch control 
solutions."

Award-winning touch operating 
terminal

The first success of this new approach 
to developing human machine inter-
faces is an award-winning touch operat-
ing terminal for an electrical engineer-
ing test device developed by Berner & 
Mattner and Centigrade in coopera- 
tion with OMICRON electronics. The 
UI design of Centigrade has been 
granted the iF communication design 
award.

For more information please visit: www.berner-mattner.com/en/touch-interface-software
Innovative touch interface for electrical engineering test device by OMICRON
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www.berner-mattner.com/de/jobs

To further strengthen our teams of the 
Railway Division in Munich, Berlin, 

Braunschweig, Erlangen, and Vienna we 
are looking for (m/f):

Safety Engineers Rail Vehicles
System Engineers Rail Vehicles

Software Developers Transportation

We offer graduates and career changers (m/f), in particular, an intensive and  
individualized training program. Berner & Mattner provides attractive conditions, 
individual development plans, team support, freedom to build your personal career 
and the opportunity to take on responsible tasks.

No suitable position for you?
If you are experienced in technical software development and have skills in railway 
or automotive, aerospace, defence or industrial automation, we look forward to  
receiving your application. We will review your records and contact you as soon as 
we have an appropriate position to fill.

For detailed information about the company and the individual positions, please  
visit http://www.berner-mattner.com. We look forward to receiving your convin-
cing application. Please use our online application form at http://www.berner-
mattner.com/bewerben (German).
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Anja.Ranft@berner-mattner.com
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The previous issues of Insight Transportation (issues 
1 to 5 are only available on our German website) can 
be downloaded at:

www.berner-mattner.com/en/download-
center/newsletters

May 2011

>>	 Partnership –  
Rail Industry counts on  
Berner & Mattner

>>	 SysML Modeling – 
High-quality Interface 
Specifications

>>	 Internationalization –  
Berner & Mattner joins  
Assystem Group

October 2010

>>	 Framework Agreement -  
Development Services for 
Bombardier

>>	 CENELEC Conformity - 
Development of Rail  
Vehicles

>>	 Axle Counting Systems -  
Model-based Specification

April 2010

>>	 MERAN for DOORS® -  
Specification of Systems with 
Many Variants

>>	 E-Ticketing - Model-based SW 
Development for Embedded 
Systems

>>	 Quality Improvement -  
Automated Test of an Anticip-
ated SW System

December 2009

>>	 Pioneer Work in Series -  
30 Years of Berner & Mattner 
Systemtechnik GmbH

>>	 Model-based Methods -  
Key Factors for Modulari- 
zation

>>	 Profitability Analysis of  
Projects - New Evaluation  
Tool


