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Ziele von openETCS:. e

Kostensenkung durch :

o Standardisierung von
Software und
Schnittstellen (SW & HW)

a ,, State-of-the-Art* IT-Methoden
Formaler Ansatz (SRS)
Alternative Lizenzen = Open Source
Agiles Arbeiten mit SCRUM

oooooooo @ITEA2, openETCS Open License Terms apply, 4/20/2016
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ETCS OBU
design today:

Y

European Railway Agency

Software & HW
Specification 2

Software & HW
Specification 4

Software & HW
Specification 1

Factor °

nooo  EVC oooo EVC oooo  EVC |: | oooo  EVC
Vehicle Vehicle . Vehicle : Vehicle
Equipment 1 # Equipment 2 # Equipment 3 Equipment 4
B sessssssnsssssssnnss o &
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7
European Railway Agency

. Linus’ Law: Many eyes
5% makeall bugs shallow” =% ¥

Vehicle : Vehicle . Vehicle : Vehicle
Equipment 1 Equipment 2 Equipment3 - Equipment 4

lllllllllllllllllllllllllllllllllllllllllllllll
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openETCS Einfuhrungsstrategie oPanEies

23.0 2.3.0d Baseline3 “hand made” ro%ﬁg{ar &
proprietar proprietar proprietar 0SS *.hand made”

Modellbasierte formale

* . N\®
/ Spezifikatio ‘N
L <> ><> - >
Software Funktional korrekte openETCS openETCS
Werkzeuge OBU Labor-Referenz OBU Produkt
formale OSS

Forschung

2
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i"‘"’ Programcall ITEA 2 Call 6 11025

: GEfO rd ert d urc h : i Title Open Proofs Methodology for the

, European Train Control Onboard
N * Bundesministerium System
2 L. fir Bildung
>, B und Forschung Period Jul 2012 - verlangert: Dez. 2015

Liberté + Egalité = Fraternité

REPUBLI(iUE FRANCAISE Status Labelled

LE@EE&%& %E\T : Région de Domain g?::t?::' Systems & Software
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Capitale Technology Engineering and development

e [
° L ‘iﬁ.‘ Effort 156 man-year
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openETCS@ITEAZ - Projektziele

Entwicklungsumgebung
Software-Werkzeuge

Defaimiagam |Lise Case dagram of LieCases
| . —— —

i ,‘M\m " = ) 5 Preperees 1 F] Erver Log

3 SpeedRequiator:UseCases

e e e UseCases

- Prafie Visbty @atk  Owomced  Opivase Crosdage
L& - | Conments
2 [T hmen | T constrerts
T S : Advarcad

Formale

Spezifikation Referenz OBU

Software
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Werkzeuge
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http://www.openETCS.org N iTEAZ

OPENETCS]

w =

FM PV Hase - Oresto (] Importiert ¥ publ Y itea2 4 of & Gr & B Translate ™ Whatstpp Web [ PvHase [IT= LEO

me [ home ] principles members tool community

€« C ff [ openetes.org

SP Suchen l» Vorgeschlagene Sites O playgroundy/test at ...

*

about

European Train Control System (ETCS) Upcoming Events
Open Proofs - Open Source

openETCS final ITEA review

openETCS review
The purpose of the openETCS project is to develop an integrated modeling, preparation and exploitation
development, validation and testing framework for leveraging the cost- workshop
efficient and reliable implementation of ETCS. The framework will provide a ° Wanneer- Ma 23. Nov 2015 - D
holistic tool chain across the whole development process of ETCS software. 24. Nov 2015 Waar: Munich,
The tool chain will support the formal specification and verification of the Germany Status van afspraak:

openETCS@ITEA2, openETCS Open License Terms apply, 4/20/2016
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http://www.openetcs.org/

https://github.com/openETCS N 1TEAZ

€ > C

GitHub, Inc. [US] | https://github.com/openETCS

O . Search of type a command ©  Explore Gist Blog Help KIausRuedigerHase B ¥

Repositories &5 Members # Edit openETCS's Profile

repository Search All Public Private Sources Forks Mirrors

validation c #a b7
WP4: Validation and verification strategy

Last updated 20 hours ago

openETCS internal-assessment *2 P3
PI'Oject part of WP4: activities for internal assessor task
Last updated 3 days ago
openETCS
Europe ERTMSFormalSpecs Java #6 P
github@openETCS.0rg ERTMSFormalSpecs provides a domain-specific language, designed to express the ERTMS specification in a concise and
hitp://openetcs.org verifiable formal representation. It is understandable by domain specialists while retaining the ability to be translated to

Joined on Apr 09, 2012 executable representations by fully automated means.

Last updated 3 days ago

24 3 101

public repos  private repos  members toolchain perl Wiz F1o
WPT: Top Level Project for the toolchain

Last updated 3 days ago

openETCS@ITEA2, openETCS Open License Terms apply, 4/20/2016 11
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D7.1 Results
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ITEAZ Projeti
Call & 11025
012 - 2015

Work Package 7, Task 1: “Primary Tookchain®

Report on the Final Choice of the Primary Toolchain
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openETCS Werkzeugumgebung (1)

= git auf GitHub Q) git glthub

SOCIAL CODING

= Eclipse Modeling Framework .@

= ProR SVF Reqls

Reguiremenis Modeling Framework Reguiremants Interchangse Format

» SysML mit Papyrus /)
= Eclipse Safety Framework

(PolarSys)
= Artefakte =» “openETCS Open License Terms”




openETCS Werkzeugumgebung (2)

Ergebnis aus OSS Tools “Marktrecherche”:

=2 Formale OSS-Werkzeuge noch nicht verflugbar
WP3: “Formal Spec.” & “Ref. OBU SW” cannot wait !

Py
> Start mit (=225 ) fur formale
Funktionfestlegung aus Papyrus/SysML Moduldesign

 “Lustre”. Synchronous data flow programming language
 Zertifiziert fur CENELEC EN50128 SIL 4 Entwicklung

* Grol3es Einsatzspektrum (Flugzeugbau, Nuklear, Bahn, ...)



openETCS Werkzeugumgebung
unterstitzt agile Projektbearbeitung Opengics)

Sprint: 1-4 Wochen
Desigh Werkzeuge V&V Werkzeuge Unterstiitzende Werkzeuge

Requirements Safety
ProR/ReqlF Eclipse Safety
Framework

Versions Management

Git auf GitHub

Agile / SCRUM
Waffle auf GitHub

Sys : -
4 System Design Model Verifikation

S .
y Scade SyStem* Scade Suite ‘Continiuous Integration

Funkt. Design Jenkins

_ Test-Spezifikation
Scade Suite Scade Suite

‘Traceability

ReqCycle

Traceability
Subset-2-ReqlF

Scade® ist eine Marke der ANSYS Corporation, USA
openETCS@ITEA2, openETCS Open License Terms apply, 4/20/2016 15

Code Generierung Code Verifikation

Scade/C Frama C

*) basiert auf Papyrus (open Source)




Subset-2-ReqlF N iTEaz
Anforderungsmanagement

Papyrus - platform:/resource/model/subset26/chapter3/chapter3.reqif - openETCS Extended Tool Construction Set - + X
File Edit Search Requirements ReqCycle ‘¢ fmStudic Window Help

=rEee 2 FrOv Qv Fv v v Gy vq alz s P g Ek |quickAccess || g% | aRPro

Prof - platform;/resoarce fsubset@ds 0.3 /chapberdchapterd_ 1503051741 _withLinks.reqif - formalmind Studia

_;_-u-—l--_-—n.-.-u-n— Eo——

1
= + mow .
— ” m *_specificationDacument = 0O | Outfine | oo fly '
L
B PPV L e LA b T &1 | raglrementin: RichiText TLink = v 5 specifications
@34 a |1 BIlETRe Trpch aivaas nes g ie b esl 10 ranglion kcation * i _specifcationDacum
_______________ i I | | R Siruciure of & Moveasent Autheciy (ML) * (3 Spec Hisrarchy
ﬁ} 3. 1.1, o 3.8,.3.1 Tre diiancs in frd a1 Authoriby [TOA) cen Be comgoasd of geversl saciiong T
i @ 3. LL.| L+ B Fid B3N SECHIE COMECEN T W& e VlEw e Pl S8 be een) &5
I : 1.4 | S 318320 Lungd= 3l tma Escaa . @ 102
T o3 11| SIELLL Topbanally_ SE0B0n [ i B S50 10 BagEnng Of S50RI I Saction s Sinp Caien o1 _ll' '
1.1, O 1E3s 1B e End Sachan of Fa Wi rap nciude A 3;
L1 @ 3R13a Bl Seschion iras-cad viskss and ciatarcs from tha End Secion birer s incabion o e snd of the et secion Fﬂj.a
1 [N R Sange pard s |dilanea Noe erel £F BEckEt 12 Jarger soed - BRI Sjeed (HAEU D darge pad
mlﬁ 33c Dwwring iInformeation jdiviences from snd of secian (oo af oeeias, fee-pul Srisncs om Cwerisp e e il 3’{
ol i 0 ST, Pt il e B0 | *@35
i © 1.8.3.32] L=
i 3,8.3.3[2]IF117 * O i
Tes o) ime mrimarc a: [ —r ] (el ¢ | A =i 162
é-.-ﬁ-ndu.——r----n----pm' v & 13
o= Outline &3 = 08 L L-ua-uem-:-wﬂuﬂ ¥ ;
| Langit of Chvadt © 183,
- @34 15.22.3.1.1 @ . - i
’ PR Sy g o E0n SEChon bmer S Eahin T 31833
rEnT ™ 34, k3. > | O 38138
| Craeriap tmer skt bcabon g
Konvertiert Spezifikation °* :
| at et NI
" : — w o 18.3.3(2)
in MS Word doc-Format - | : 0 3834
Becion] |} Sechon|J) = End Secion B LEES
in ReqlF-Format LR
1| @ 383,32 [F]17.C Figure (Fgure 173 Sirsere of an A 1= T B D 3BT
PO 3424 152321 @
b O 343 Selected Object-2833.C
o 1 Sigle Ballse Group ¥
b @344 Location Reference schematic representation
E
b @35 _ !
i ]
P Q36
] Properties 22 Mode! Validation . = = A
» @37 _
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Modulare Strukturierung = SysML mit Papyrus N1 TEAZ
Funktionale Festlegung = Lustre mit SCADE OPENENCS)

ETCS-System

.
-~ e bl
edomary_jndar ] [:5_ -
P i ] _ L
—
]_me e Py ot b -d[__\ sy il |' _l_,. R
 E— Il o e -
!_und :)— B B Pl
vinua o vl bmge ([t | CakSpess
Tanghlaragerant
>
|

o

S—
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SCRUM: ,BackLog Grooming“ auf GitHub

’OopenEFCS. deli "‘0 deli

ipti x‘O deling/User Stor, x‘o ‘openETCS/modeling x7® openetcs/modeling  x

cCnfN https

SP Suchen I3 Vorgeschlagene Sites ) playgrou

openetcs/modeling
Inbox ++

887
Iﬂ General design activities on
openETCS Demonstrator

l) Sprint-Backlog

US-Operational Scenarios on Utrecht Amste:

=0 =0
Ty grer—y
[Tr—
User Stol

]

SysML/F2.2F22
Manage_ETCS_Procedures
overview

Sprint-Backiog  [SELUN

665
US-Management of Accepted
and Stored informatino

Sprint-Backlog

US-Operational Scenarios on Utrecht Amste:

)

-
a
©

SysML / F2.4: TrackAtlas

B sointnaciog

55T
US- Providing output data type
of RBC messages

Sprint-Backlog E
-

affle.io/openetcs/modeling?label=Sprint-Backlog

openETCS/product-backlog v

= Inbox - Backlog aad
8
& il Us-EVC-Visualization Prio: 290

E

© 2 2

OwnerWP3  Stakeholder WPL

StakeholderWP4  Stakeholder WPS

79
US-ETCS-System-
Modularization Prio: 300

OwnerWP3  Stakeholder WPL

Stakeholder WP4

45
US-Test-Scenario-Format Prio:
210

[0l Stakeholder WP4

5T

US-Demonstrator-Test-Result-
Processing Prio: 190

[ E VY Stakeholder WP2

Stakeholder WP4

51
US-Industrial-Tests Prio: 170
[TV Stakeholder WPL

Stakeholder WP4

#4927 opened on 19 Nov 2015 bv UweSteinkeFromSiemens

openETCS@ITEA2, openETCS Open License Terms apply, 4/20/2016

Ready

52

US-WF3-Model-Non-Vital-

Platform Prio: 200
OwnerWP3  Stakeholder WP1

Stakeholder WPS

%N

US-Internal-Assessment-
Sign-Off Prio: 770

Stakeholder We4
21

US-Modeling-Process-
Description Prio: 500

Stakeholder WF3

Stakeholder WP4  Stskeholder WPT
44
US-Scope-Of-Test Prio: 400

U TRVEN  Stakeholder WP4

56

US-Traceabiliy-Architecture
Prio: 810

[PV Stakeholder WP3

StakeholderWP4  Stakeholder WPT

18

In Progress -

62

US-Test-Model-Scenari-
on-Utrecht-Amsterdam Prio:
00

[ BV Stakeholder WP3

82
US-0BU-Model-D3.5.4-D3.6.4
OwnerWP3  Stakeholder WPL

StakeholderwP4  Stakeholder WPS

2

74
US-Provide-Product-Definition-
Lifecycle Prio: 890

OwnerWP3  Stakeholder WPL

Stakeholder WP4

41
US-Generic-API Prio: 870

LR Owner WPS

Stakeholder WPL  Stakeholder WPS

37

US-Provide-Design-Means Prio:
850

OwnerWP3  Stakeholder WP4

ITEAZ

Done »+

Done

Issues closed in the last
week are shown in this
column. Drag issues
here to close them.




7 . g
European Railway Agency

ECLIPSE
SAFETY
FRAMEWORK

Test cases &
response pattern

Formal Language
Functional Vehicle

Formal System
Requirement Spec.

Specification

SW Code
Generator

Lab
Test

openETCS@ITEA2, openETCS Open License Terms apply, 4/20/2016

oooo EVC

Fahrzeug OBU

\

AP
HW

Geratehersteller
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EVC
openETCS executable model
Application
software
openETCS model run-time system
Vendor
specific |
basic
software
Vendor Vendor A
specific - specific Vendgfr- S Vendor s
hard i SPECITIC specific Vendor E
araware P platform y|5tform simulator

————————————3

Vendor specific
API

openETCS@ITEA2, openETCS Open License Terms apply, 4/20/2016 20




Integration in verschiedene Plattformen opanies

| SO [T GE (heute Alstom): EVC
‘ mﬂl @ P W ] 2 | b & wky 9 ) r__fj

e [, "con oan Uni Rostock: nanoETCS
" i LEA Railergy: Simulator
A I'n."' ' - | Bachleitner&Heugel: DMI

ﬁ\llb'tll a I 2

r

foas ¥

openETCS@ITEA2, openETCS Open License Terms apply, 4/20/2016 21



Modellierung
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openETCS-Modell mit zugseitiger (EVC, DMI) N ITEAZ

und streckenseitiger (RBC, Balisen) Simulation OPENEINCS]
e SRR

a“{\o“ 7N Radioblock

EVC-System =

Formales Modell NI

eeeeeeeeere . e,a*’ RBC-System

f i & Formales Modell

: : DMI System

Ty

-ormales Modell

I
Balisen System |

Formales Modell

Balisen=EVC

openETCS@ITEA2, openETCS Open License Terms apply, 4/20/2016 23 Lt



Klare Strukturierung aller Funktionen

) ITEAZ
OPENSTCS]

Funktionaler Umfang
= Strecke Amsterdam-Utrecht

= Definiert Gber 12 ,,User Stories®
(Start of Mission, Level-Wechsel, etc.)

Artefakte:

= SysML Model (Papyrus)

= Funktionales Model (Scade)
= Code (C, Scade generiert)

openETCS Kernel:

= Track Messages

= Radio Communication

= Mode & Level Management

= Calculate Train Position

= Speed & Distance Monitoring
= Track Atlas

= Etc.

openETCS@ITEA2, openETCS Open License Terms apply, 4/20/2016

ETCS OBU

F1 Receive Information from Tracksi...

RBCBTMIn
E

=N —»| RBCBTMIn
foeon ) |

F3 Measure Train Movement

F4 Radio Communication Controller |

@ RECInOt RadioOut

TracksideOut @_@_@ API_fromTrack

d U
E)]m@ Odometryln OdometryOut @—@—Eﬂ APLOdometry

N
Radioln
N

F2 ETCS Kernel

APL_fromDMI |&=

€| APIL_toEuroradio

APL persistentDataln|
APL mobileHWStatie ha

%
!
),

APL toDMI DMIin
\

]

F5 Manage JRU

I F6 DMI Controller

DMIOut

DriverinOut

©

F7 TIU Controller

N
APLfromTIU [¢ _ TIUout
TrainInOut
APLtoTIU (=3 — TIUIn

s

©

F8 Persistent Data

PersistentDataOut

Subset 037 1> ‘

F2 ETCS Kernel

JB372.1 Manage TrackSidelnformat. |
wransitionPositionPassed

deAndLevel
3| medehindlevel ks

forl. |31

Data_From_F2_Functions

B 724 Trackatlas

To_ModeAndLevel

ModeAndLevel in

i) APLOdometry
=

=
ata to_From Track Packets at ML|-$|—|-| Data From Track Packets.

{-3| Data from Track

Data_from Track Messages

Subset 027 AN

‘ Subset 121 B

Subset 119 A

modelevelStatus

[E}F2.11 manageDMI Outpur
Y

’L Compatible_Mode_And_Level [}
3]

Data_from_Lacalisation

Data_From STM
|| ERTMS capabilities In

= APLpersistentDataln
[icd

e

announcedLevel |} announcedLevel
Data_To_DMI_Ack _ inMoreLevel_Ack
[E—

24

2 o




x ITEAZ
OPENSTCS]

Simulation
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https://github.com/openETCS/modeling 3 iTEAZ

Branch: master v modeling / User Stories / Description User Story 14.pdf Branch: master = modeling / User Stories / User Story 14.pdf Findfile  Copy path

Baseliyos Jacob Descrition and Sequence Diagram on US 13, 14, 15 and 16 Eelred rrb I R el ls 1 - 1 3ee172 on 2 Nov 2015

) 0 contributors
0 contributors

266 KB Raw History [J 1T

EX] sd: User Stary 14 - Mode Change

35.5 KB

REC

Title: User Story 14 — Mode Change

=]
Start in Condition for User Story 14:
Lewel ERTMS Level 2

L2 Mode change FS — OS — FS. ERTMS track uses no TAF mechanism. Late d

response at mode change to 05 Mode: 75

Train Speed O <v <max, permitted train speed
Additional stating canditions: Route setting starts at main BG
T

Objective:

T
!
1
I
1
1
'
1
'
1
'
1
'
1
|
'
!
Message 3 (Movement Authority) tack =1) = Packet[15) + Packel 27 + Packel BO (M_MAMODE = 0%
1
1
'
I
'
1
1
L
l
'
|
'
I
'
1
|
1
r
'
!
'
'
1
!
1
'
1
'
'
1
!

ERTMS Level 2 track. The EVC shall change its mode from FS to OS to FS. 5¢ Eorp

raute data fram

applicable for the whole train. This behavior is verified at the mode change B
change to OS the system behavior is verified due to late driver response.

05 arder B message 146 JAcknowledge ment)

Diagram:

1
® Canfirmatian for OS mode is requested from criver & release speed is set ta 0 kmy!
i

p - - - =

Confirmation of
Mode &5
requested from
driver and must
be ack within 5 5,

! i
dll —-—— But confirmatian

ithin the 55
Reference 86 B G ot i th

]
|
] ]
hIA FS r ! ® No confirmation from Driver for QS dee within the 5 5
‘ ’h |
I Ode ) E
I
]
i
]
|
I
|
i
]
1
]
|
]
|
|
i
i
I
]
|
)
f
]
|

——

8 Driver Confirmation =

Train (T} is travelling from left to right orientation. When the RBC matches
related to its interlocking the RBC sends route data, which is linked to the : :fm,m

brake is

The RBC sends an MA that orders OS mode. At the SMB/ signal an MA is r applied

DMI: Brake

#, Service Brake Application

|
intervention B prake intervention andispeed dial change (orange)

mode.

is visible on

DMl :
(orange
All BG in the drawing are linked balise groups. Main BG indicate that the g T
dial

|
8, Late Driver cenfinnation of 05 mode

T
|
al . . . o -

signal or SMB.
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FlUhrerstands-Simulation

“Messages”:
RBC & Balisen

Main

*" openETCS SimCtrl

File Remote View

¥ Open Desk

oﬂ o:l

Brake Target Speed

Traction

Track: User Stories 14 und 15: Graz Deme (30.03.16 13:33)

Q 4FB

o]

Clear Save v £

M Geschwindigkeit,

Position & Modus ES

° Connected Position (m): 558

. Emergency Brake  Velocity (km/h): 35

@ Service Brake LRBG: 42600907
@ Traction Cut Off Mede: FS

Level: 2

“Bediener-
Maus”

scroll [~ Msg24 [~ Msgl132 ¥ Msg136

BG 905.0
BG 905.1
7 2MSG 136
BG 906.0
BG 906.1
72MSG 136

T2MSG 146
§2MSG 136
72MSG 136
7 2MSG 136
72MSG 136
BG 907.0
BG 907.1
7<MSG 136
7.MSG 136

308.1
308.0
309.3
358.1
359.0
359.3

360.3
365.3
424.4
4834
533.0

Message | Position (m) ID: MSG 3 Position: 3600
| T.MSG136 1882 Header Packets
PMSG136 2006
PLMSG 136 247.2
1<M56 136 306.3 Gradient Profile

1. 21
2 27
3: 5

International Static Speed Pr¢
Linking

Diagnose

Values for selected packet:

Variable

nid_packet 15
q_dir 1
q_scale 1

v_loa 0
t_loa

|_endsection 5000
q_sectiontimer 0
t_sectiontimer 0

d_sectiontimerstoploc 0

https://github.com/openETCS/modeling/blob/master/demo/SchienenFahrzeugTagung Graz 2016/openETCS Graz.mp4

openETCS@ITEA2, openETCS Open License Terms apply, 4/20/2016
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Ergebnisse aus 8 Jahren openETCS-Initiative:

Kommerzielles ETCS-Beschaffungsprogramm:

ICE-Bestandsflotte mit openETCS-Option unter EUPL *)
Software-Service-Vertrag reduziert Update-Risiken fir die Betreiber

= Neue Optionen flr Investition & Instandhaltung fur Bahnen

openETCS@ITEA2 Forschungsprojekt:

openETCS@ITEA2, openETCS Open License Terms apply, 4/20/2016 28

Formalisierung mit ReqlF / SysML / Lustre ... effizient und kostengunstig
Werkzeuge EN50128 zertifiziert aber (noch) nur teilweise offen
openETCS-Werkzeugkette unterstltzt agiles Arbeiten (SRUM)
Portierbarkeit der openETCS-Software auf 4 Plattformen

Leistungsfahige Modellierung am Beispiel “Utrecht-Amsterdam”

openETCS Foundation e.V. unterstitzt das Eco-System

*) European Union Public License, Offenlegung ab 2017
folal



Vielen Dank fur lhre
Aufmerksamkeit.
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