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EULYNX Live: Bringing a EULYNX CCS System to Live

PlanPro /
EULYNX DataPrep

Simulators 
(Interlocking, Field 
Elements, Train)

Test and Simulation 
in the HPI Rail Lab

Digital Planning 
Data

Distributed 
Testing

Generic 
Components
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Architecture of a EULYNX Digital Interlocking
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A Testing Environment for System Specifications

Technical Requirements Specifications are the basis for Industry Tenders

Specifications must be validated to ensure:

Soundness – a system with the desired functionality can be built according to the specifications

Completeness – the specs do not leave room for interpretation that could lead to incompatibilities

EULYNX uses Model-based System Engineering

Approach of EULYNX Live:

Test executable system models in their future
application environment (real systems, model-in-the-loop)
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EULYNX Reference 
Implementations (Open Source)

For Developement and Interoperability Tests 
(non-SIL)

RaSTA (UDP/TLS): 
https://github.com/eulynx-live/librasta

Object-Controller-Simulators:
https://github.com/eulynx-live/subsystems 

https://github.com/eulynx-live/librasta
https://github.com/eulynx-live/subsystems
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HPI Rail Lab: An Open and 
Distributed Proving Ground

Vendor-neutral Environment

Test interoperability and dependability of 
digital CCS components

IT-Infrastructure for the dynamic re-
configuration and network virtualization 
across lab sites

HPI Rail 
Lab

DTB 
Scheiben-

berg

Brunel 
Hildesheim

TU 
Dresden

TU Berlin
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EULYNX Live: News 2023

PlanPro /
EULYNX DataPrep

Simulators 
(Interlocking, Field 
Elements, Train)

Test and Simulation 
in the HPI Rail Lab

Digital Planning 
Data

Distributed 
Testing

Generic 
Components

• Hackathon: 
Planning Data

• Simulation of a 
Train Drive

• Using Simplicity 
to Control 
Software 
Updates

• DRSS 2023: 
Collaboration 
with TU Dresden
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DB Netz Project System Integration
Work Package: Laborvernetzung

Demonstrate feasibility of conducting ETCS System Compatibility tests in a distributed lab 
environment, where the CCS system is decoupled from the test track.

Mertingen/Meitingen (Simulation)Digitales Testfeld Bahn
Train Position 

Mapping

Thales DSTW

TDS Simulator
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advancedTrainLab: DB 605-5519



Modular 
Vehicle Bus

18.09.2023 EULYNX Live | Digital Rail Summer School | Robert Schmid 10

Implementation: Vehicle Side
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(read only)
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Time 
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zation
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Session-
Manager

Data 
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Data 
normalizati

on

LTE / Internet



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1 59B112/60B114 fremd PLKF S54 - 59B112 60B114 - Sig 59112 -50 L
2 60B114B eigen PPHN S54 - 60B114 - - Gz W41 10 R
3 60G102B eigen PPHN S54 - - 60G102 - 60AA 0 L
4 60G111A eigen PPHN S54 - - 60G111 - 60A 0 L
5 60B114/60G102/60W2 eigen PPHN S54 60B114 60G102 60W2 - Gz 60W2 10 L
6 59B111/60G111/60G211 eigen PPHN S54 59B111 60G111 60G211 - Ra 10 0 R
7 60G211/60W1 eigen PPHN UIC60 - 60G211 60W1 - 60L211X 0 R
8 60W1B eigen PPHN UIC60 - 60W1 - - Mittig WV 60W1/60W2 1 R
9 60W2C eigen PPHN UIC60 - - 60W2 - Mittig WV 60W1/60W2 -1 L

10 60W51A eigen PPHN S49 - - 60W51 - 60LW51X 0 R
11 60W51/60G107 eigen PPHN S49 - 60W51 60G107 - 60L107Y 0 R
12 60W51/60G108 eigen PPHN S49 - 60W51 60G108 - 60L108Y 0 R
13 60W1/60G101 eigen PPHN S54 - 60W1 60G101 - Gz 60W1 10 R
14 60W2/60W3 eigen PPHN UIC60 - 60W2 60W3 - WA 60W2 6 L
15 60W3/60W4 eigen PPHN S54 - 60W3 60W4 - Mittig WV 60W3/60W4 0 L
16 60G101/60G201 eigen PPHN S54 - 60G101 60G201 - 60P1 0 R
17 60W3/60G202 eigen PPHN S54 - 60W3 60G202 - Gz 60W3 10 L
18 60W4/60G113 eigen PPHN S49 - 60W4 60G113 - 60P13 0 L
19 60G113/60W5 eigen PPHN S49 - 60G113 60W5 - 60L113X 0 L
20 60G202/60G302 eigen PPHN S54 - 60G202 60G302 - 60P2 0 R
21 60W5/60W6 eigen PPHN S49 - 60W5 60W6 - WA 60W6 3 L
22 60W5/60G103 eigen PPHN S49 - 60W5 60G103 - 60P3 0 R
23 60W6/60G104 eigen PPHN S49 - 60W6 60G104 - 60P4 0 R
24 60W6/60G105 eigen PPHN S49 - 60W6 60G105 - 60L105Y 0 L
25 60W6/60G106 eigen PPHN S49 - 60W6 60G106 - 60L106Y 0 L
26 60W24F eigen PPHN S49 - - 60W24 - 60LW52X 0 R
27 60G108/60W24 eigen PPHN S49 - 60G108 60W24 - 60L108X 0 R
28 60G107/60W24 eigen PPHN S49 - 60G107 60W24 - 60L107X 0 R
29 60G106/60W24 eigen PPHN S49 - 60G106 60W24 - 60L106X 0 R
30 60G105/60W24 eigen PPHN S49 - 60G105 60W24 - 60L105X 0 R
31 60G201/60G301 eigen PPHN S54 - 60G201 60G301 - 60ZR1 0 L
32 60W24/60W28 eigen PPHN S49 - 60W24 60W28 - WA 60W26 2 L
33 60G104/60W28 eigen PPHN S49 - 60G104 60W28 - 60ZR4 0 L
34 60G103/60W29 eigen PPHN S54 - 60G103 60W29 - 60ZR3 0 L
35 60G302/60G402 eigen PPHN S54 - 60G302 60G402 - 60ZR2 0 L
36 60W28/60W29 eigen PPHN S49 - 60W28 60W29 - Mittig WV 60W28/60W29 0 L
37 60W28/60G124 eigen PPHN S49 - 60W28 60G124 - 60L124Y 0 L
38 60W29/60W30 eigen PPHN S49 - 60W29 60W30 - WA 60W29 4 L
39 60G402/60W31 eigen PPHN S49 - 60G402 60W31 - Gz 60W31 10 L
40 60W30/60W31 eigen PPHN S54 - 60W30 60W31 - Mittig WV 60W30/60W31 0 L
41 60G124/60W34 eigen PPHN S49 - 60G124 60W34 - 60L124X 0 L
42 60W30/60W34 eigen PPHN S49 - 60W30 60W34 - Gz 60W34 10 R
43 60G301/60W33 eigen PPHN S54 - 60G301 60W33 - Gz 60W33 10 R
44 60W33B eigen PPHN S54 - - 60W33 - Mittig WV 60W32/60W33 -1 R
45 60W31D eigen PPHN S54 - 60W31 - - Mittig WV 60W32/60W33 1 L
46 60W34/60G123 eigen PPHN S49 - 60W34 60G123 - 60L123Y 0 L
47 60W31/60G122 eigen PPHN S54 - 60W31 60G122 - Gz 60W32 10 L
48 60G120B eigen PPHN S54 - - 60G120 - 60B 0 L
49 60G120/60W36 eigen PPHN S54 - 60G120 60W36 - Gz 60W36 10 R
50 60W33D eigen PPHN S54 - 60W33 - - Mittig WV 60W35/60W36 1 L
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Scenario Description using 
EULYNX DataPrep

Track Topology, Positioning of Train Detection 
System Sections

Soon: Balises, Light Signals

Partial manual digitization of PT 1-Planning 
Data of Mertingen/Meitingen:

- Achszählpunkttabelle
- Achszählabschnittstabelle
- Sicherungstechnischer Lageplan

How could we do better?

Hackathon on Wednesday and Thursday
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Stellwerksseite: DSTW 
Mertingen/Meitingen (im Labor)

Things-
board

Scenario 
Controller

NeuPro 
TDS 

Simulator

Thales 
DSTW

Digital LST-Data
(EULYNX DataPrep)

Vehicle 
Data



Digital Rail Demo Day
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The final test takes place as 
part of the Digital Rail Demo 
Day on Thursday.
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How to handle Software Updates and System Evolution regarding 
certification and admission processes?

Idea: Admission property is continuously 
monitored by the system

Previously proposed in:

Using Simplicity to Control Complexity

Lui Sha, IEEE Software Juli/August 2001

We can exploit the features and performance 
of complex software even if we cannot 
verify them, provided we can guarantee the 
critical requirements with simple 
software.

software components during runtime
without shutting down the OS.10

! Hardware level: standard industrial
hardware, such as VMEBus-based hard-
ware or industrial personal computers.

! System development and maintenance
process: standard industrial software
development processes.

! Requirement management: the subsys-
tem handles requirements for features
and performance here. With the protec-
tion that the high-assurance subsystem
offers, requirements can change rela-
tively fast to embrace new technologies
and support new user needs.

Figure 7 diagrams the Simplex architec-
ture, which supports using simplicity to con-
trol complexity. The high-assurance and high-
performance systems run in parallel, but the
software stays separate. The HPC can use the
HAC’s outputs, but not vice versa. Normally,
the complex software controls the plant. The
decision logic ensures that the plant’s state un-
der the high-performance controller stays
within an HAC-established stability envelope.
Otherwise, the HAC takes control.

Certain real-time control applications
such as manufacturing systems are not safety
critical, but they still need a high degree of
availability, because downtime is very expen-
sive. In this type of application, the main con-
cern is application-software upgradability
and availability. For such non–safety-critical
applications, we can run Simplex architec-
ture middleware on top of standard indus-
trial hardware and real-time OSs. A number
of applications have used this technique, in-
cluding those performed in a semiconductor-
wafer-making facility.11

For educational purposes, I had my group
at the University of Illinois at Urbana-Cham-
paign develop a Web-based control lab—
the Telelab (www-drii.cs.uiuc.edu/download.
html)—which uses a physical inverted pendu-
lum that your software can control to explore

this article’s principles. Once you submit your
software through the Web, Telelab dynami-
cally replaces the existing control software
with your software and uses it to control the
inverted pendulum without stopping the nor-
mal control. Through streaming video, you
can watch how well your software improves
the control. You can also test this approach’s
reliability by embedding arbitrary application-
level bugs in your software. In this case, Tele-
lab will detect the deterioration of control per-
formance, switch off your software, take back
control, and keep the pendulum from falling
down. Also, it will restore the control software
in use prior to yours. Telelab demonstrates the
feasibility of building systems that manage up-
grades and self-repair.

Forward recovery using high-assurance 
controller and recovery region

In plant (or vehicle) operation, a set of
state constraints, called operation constraints,
represent the devices’ physical limitations and
the safety, environmental, and other opera-
tional requirements. We can represent the op-
eration constraints as a normalized polytope
(an n-dimensional figure whose faces are hy-
perplanes) in the system’s n-dimensional state
space. Figure 8 shows a two-dimensional ex-
ample. Each line on the boundary represents
a constraint. For example, the engine rotation
must be no greater than k rpm. The states in-
side the polytope are called admissible states,
because they obey the operational con-
straints. To limit the loss that a faulty con-
troller can cause, we must ensure that the sys-
tem states are always admissible. That means

1. we must be able to remove control from
a faulty control subsystem and give it to
the HAC subsystem before the system
state becomes inadmissible,

2. the HAC subsystem can control the sys-
tem after the switch, and

3. the system state’s future trajectory after
the switch will stay within the set of ad-
missible states and converge to the set-
point.

We cannot use the polytope’s boundary as
the switching rule, just as we cannot stop a
car without collision when it’s about to
touch a wall. Physical systems have inertia.

A subset of the admissible states that sat-
isfies the three conditions is called a recov-

2 6 I E E E  S O F T W A R E J u l y / A u g u s t  2 0 0 1

Decision
logic

High-assurance-control
subsystem

High-performance-control
subsystem

Plant

Figure 7. The Simplex
architecture. The 
circle represents 
the switch that 
the decision logic 
controls.

Authorized licensed use limited to: Universitaet Potsdam. Downloaded on April 11,2023 at 14:43:35 UTC from IEEE Xplore.  Restrictions apply. 

Sha, Lui. "Using simplicity to control complexity." 
IEEE Software 18.4 (2001): 20-28.



The Simplex Architecture in Practice (Master Thesis Clemens Tiedt)

• Idea: given an approved NeuPro field element controller (TDS), can we make it EULYNX-compatible 
and ‚inherit‘ its approval?

• Evaluation of technical feasibility

Literature Review: Applications of Simplex Architectures in Safety-critical Domains

• with Katja Assaf, Frederic Reiter, Dirk Friedenberger, Clemens Tiedt
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Digital Rail Summer School 2023
Build your own Object Controller

Project Tasks: 

§ Develop a EULYNX-compliant Light Signal Object Controller using off-the-shelf compute hardware

§ Create the hardware interface and terminal box (Feldelementanschlusskasten) for controlling a 
Thales Ks-Vorsignal

§ Project Team spanning Dresden, Chemnitz, Potsdam, Berlin
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Hackathon: New Ideas for Digitizing Planning Data

Digital Planning Data is the foundation for streamlined implementation, testing and integration

Not all projects start from scratch: Thousands of Paper-based planning data sets exist

How can state-of-the-art OCR technologies and Machine Learning help?

§ Achszähltabelle
§ Durchrutschwegtabelle
§ Flankenschutztabelle
§ Gleismagnettabelle
§ Gefahrpunkttabelle
§ Rangierstraßentabelle
§ Streckenblocktabelle
§ Signaltabelle
§ Weichentabelle
§ Zugstraßentabelle
§ Zwieschutzweichentabelle
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How can we increase the testing capacity for the 
upcoming DLST projects?

PlanPro /
EULYNX DataPrep

Simplified CCS 
Architecture Test Automation

Digital Planning 
Data

Distributed 
Testing

Generic 
Components

• Seamless 
Exchange of 
Digital Data

• Toolkit of 
Standardized 
Components

• Formalized Test 
Specifications

• Automated Re-
Configuration of 
Test Equipment
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