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+ 01.
RESEARCH BACKGROUND




AUTOMATED TRAIN - VISION SNCF
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RESEARCH QUESTION

1E

il Py
* SNCF aims to develop automated trains. How does the zo - 12
role of people evolve in railway systems during
automation change?

* How does the train driver collaborates with the
automatic driving system (Human-Machine Teaming)?
What about unexpected situations? Who is in charge of
safety?

* Under emergencies, what are the ‘best’ decisions the
driver can make to guarantee safety?
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AUTOMATIC TRAIN OPERATION(ATO)

Different train operation’s automation levels

CONDUITE MANUELLE | ACCELERATION / CONDUITE AUTOMATISEE | CONDUITE TOTALEMENT
CONTROLEE FREINAGE AUTOMATISE | AVEC PERSONNEL A BORD | AUTOMATISEE

GoA2 is anintermediate level of automation that provides the service of acceleration and deceleartion. It is surpvised by
the Automatic Train Protection system (ATP). The conductor is always in charge of the exchanges with passengers, door
control and unexpected situations.

Source: https://www.digital.sncf.com/actualites/train-autonome-ou-comment-trouver-une-reponse-a ux-mobilites@



AUTOMATIC TRAIN OPERATION(ATO)

Different train operation’s automation levels

GoA

GoAl

GoAName

Non automated train
operation

Train Operator

Train driver in the cab

Description

The train is driven manually; but protected by automatic train protection (ATP). This GoAcanalso include
providing advisory information to assist manual driving.

GoA2

Semi-automated train
operation

Train driver in the cab

The train is driven automatically, stopping is automated but a driver in the cab is required to start
automatic driving of the train, the driver can operate the doors (although this can also be done
automatically), the driver is still in the cab to check the track ahead is clear and carry out other manual
functions.The driver cantake overin emergencyor degraded situations.

GoA3

GoA4
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Driverless train operation

Unattendedtrain
operation

Train attendant on-board
the train

No staffon-board
competent to operate the
train

The train is operated automatically including automatic departure, a train attendant has some
operational tasks, e.g operating the train doors (although this can also be done automatically) and can
assume controlin case of emergency or degraded situations.

Unattended train operation; all functions of train operation are automatic with no staff on-board to
assume controlin case of emergencies or degraded situations.

Source: ERTMS/ATO System Requirements Specification SUBSET-125
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EUROPEAN RAIL TRAFFIC MANAGEMENT SYSTEMS (ERTMS)

>, Centre de
3 supervision

GSM-R | e e eee;-—-—.——- Endenchement

Signalisation
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EVC U= Signalisation cabine &

Antenne bord

Eurobalise
~

EVC = European Vital Computer (ordinateur embarqué)
RBC = Radio Block Center

DIRECTION TECHNOLOGIES, INNOVATION ET PROJETS GROUPE SNCF —MISE A JOUR DU 11 AVRIL



EUROPEAN RAIL TRAFFIC MANAGEMENT SYSTEMS (ERTMS)

Driver Machine Interface (DMI) in cabin

y 4
—

Authorized speed
Current train

speed
Distance to brake
target or standstill
location
Technical
Target speed mode
ERTMS level

Source: i - -regi ;
http://transportrail.canalblog.com/pages/ertms --—-les-grands-principes-techniques /389 265 69.hm


https://www.lettreducheminot.fr/ertms-ecran-regio2n/
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SCENARIO-BASED DESIGN & HUMAN-IN-THE-LOOP SIMULATION




A FRAMEWORK FOR SCENARIO-BASED DESIGN

11

ANALYZE
analysis of
stakeholders,
 field studies

current
practice

DESIGN

iterative
analysis of
usability
claims and
re-design

metaphors,
information
technology,
HCI theory,
guidelines

!

PROTOTYPE & EVALUATE

formative
evaluation

summative

evaluation
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claims about

Scenarios serve as a central
representation throughout the
development cycle, first describing the
goals and concerns of current use, and
then being successively transformed
and refined through an iterative design
and evaluation process

Source: SBD, Rosson & Carroll, 2001b



HUMAN-IN-THE-LOOP SIMULATION

SNCF Train Simulators for training(Lito)

MERCREDI 23 NOVEMBRE 2022

Source: https://www.digital.sncf.com/actualites/former-les-conducteurs-de-train-grace-au-simulateur-de-conduite-lito @



HUMAN-IN-THE-LOOP SIMULATION

SNCF Train Simulators for training (Simbox)
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HUMAN-IN-THE-LOOP SIMULATION

Role

Task Q Context w ACthlty

Resources

A cognitive function as a transformation of a task
into an activity.

* Purpose +
[

1

e

Declarative Scenarios
Configurations Chronologies
Agent’s Structures Agent’s Functions
|
l |
Declarative Ontology
e.g., using Protégé

Procedural Scenarios

Procedural Ontology

e.g., using skeletal plans

| [

|
v

Induction of Agent Classes
in terms of: Role; Context; Resources

v
— Refining Purpose

!

Multi-Agent System Architecture

PRODEC method

Source: Guy A. BOY - The Role of People in Large Interconnected Systems (2022)

EYe
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AS-IS TO-BE ANALYSIS

Project the future application on GoA2 by analysing the existing scenarios

AS-IS

TO-BE

Ga Automatic Train
GoA1 Automatic Train . GoA 2 Protection
roecion « Butomatic Tran
with Driver Operation
Key Factors for Change with Driver

Model and analyze the existing Add the key change factors in
scenarios conception phase
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+ 03.
BPMN (BUSINESS PROCESS MANAGEMENT NOTATION) PROCESSES




BASIC BPMN

Business Process Management notation

Basic BPMN is useful for modeling
when details have not been
worked out.

Activities, events, gateways, and sequence
flow all have Basic BPMN level versions.

l Abstract activity

No specific execution, acts as a placeholder
for documentation purposes.

Start event

Start event
Begins a process flow.

End event
Ends a process flow.

Parallel gateway

®0 O

All inputs must be received (in any order)
before the process can continue.

All outputs are activated — process continues

in parallel.
D
Parallel
gateway

+
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® Exclusive gateway

Only one input is needed for the process to
continue.

Only one output is activated — a condition is
needed to determine which one.

—_—> Sequence flow

Directs process flow from activity to activity.

&—0

End event
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ACCIDENTS ANALYSES




NUMBERS IN REPORT

Evolution des accidents significatifs de 2007 a 2016
{Nota : le total se lit sur I'échelle de droite)
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2007 2008 2009 2010 201 2012 2013 2014 2015 2016

Collisions de trains y compris avec obstacle (hors PN)

Déraillements

w Accidents aux PN (y compris les accidents impliquant les piétons)

= Accidents de personnes causés par le matériel roulant en marche (hors suicide)
e |Ncendies dans le matériel roulant

Autres

— = Total

Source:
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https://medias.sncf.com/sncfcom/open-data/rapport-securite/Rapport-annuel-s%C3%A9curit%C3%A9-Sncf-R%C3%A9seau-2016_1406.pdf

DATA ANALYSES BASED ON SNCF OPEN SOURCE DATA

Total number Janvier 2015—May 2022

= o Z &

- 00T
- SIT
- 08T
- SLT

Dépassement de la vitesse limite de plus de 40 km/h
RFC

Défaillance voie

Franchissement intempestif d'un signal d'arrét ferme
Engagement intempestif d'un train sur une vole protégée pour des travaux
Insuffisance de freinage de train

Incident grave de signalisation

Expédition d'un train sans ordre écrit de restriction de vitesse
Engagement de gabarit

Incendie a bord d'un train

Portes ouvertes sur train de voyageurs en circulation
Mise en mouvement sans autorisation

Ouvrage en terre déterioré

Défaut de mesures de protection travaux
Dégagement intempestif du domaine fermé
Accostage Brutal

collision contre animal

Dérive

Incident MD (Plan PUI-PMD)

Collision contre abstacle a4 un passage a niveau

Mise en ceuvre de travaux sans protection
Déraillement

Erreur grave de procédure

Autorisation de franchissement d'un signal fermé
Incident de Boite d'essieux

Accident de personne

circulation intempestive d‘un train en sens inverse
Réception sur voie occupée

Evénement présentant un risque sécurité

AFI

Engagement de Gabarit

Défaut d'lmmobilisation

EPRS

Incident grave de signalisation |

autre

> Collision contre abstacle (hors Passage & Niveau)
o Callision contre véhicule en stationnement ou en dérive
o, Ouvrage d'art déterioré
o Collision entre 2 trains suite prise en écharpe
m COLGAB
>S5 Circulation non autorisée d'un train de travaux
= Perte de Piéces sur matériel roulant
— Départ d'un train sans autorisation
< Deshuntage
© coc
o Frein anormalement serré
DeshuntageH

NRO

Collision contre heurtair de fin de voie
Collision entre 2 trains suite rattrapage
Pénétration irréguliére en canton occupé
CcomMP

coL

AUTRE

Déraillementa

Accident du travail
sement d'un signal fermé
Défaillance matériel roulant

Rupture d'un élément du matériel roulant
CNA

FOR

MISISN

Autorisation de francl

22 DR

" Source: https://ressources.data.sncf.com/explore/dataset/incidents -securite/information/?sort=date



CLASSIFICATION BY SEVERITY EPSF

EPSF(Etablissement public de sécurité ferroviaire ) is the national railway security autority

Evénement
« mineur » de
secunte

Source: Guide pourla détermination des CCS des installations fixes —Version 1—Applicable au31janvier 2018 (EPSF)
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DATA ANALYSES BASED ON SNCF OPEN SOURCE DATA
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