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+ 01. INDUSTRIAL CONTEXT
+  AUTOMATED TRAINS OPERATION (ATO) ON GOA2
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SNCF AMBITION: AUTONOMOUS TRAINS

GRADE OF TRAIN SETTING TRAIN DRIVING AND DOOR OPERATION IN EVENT
AUTOMATION OPERATION IN MOTION STOPPING CLOSURE OF DISRUPTION

GoA1

-

Automatic Train
Protection
with Driver

Automatic Train
Protection
+ Automatic Train
Operation
with Driver

Driverless Train
Operation

GoA 4 )
Unattended Train
i i i ! I I Operation

Grade of Automation (GoAz2) is an intermediate level of automation that integrates the Automatic Train Operation
(ATO) which provides the service of acceleration and deceleration. It is surpvised by the Automatic Train Protection
system (ATP). The train driver is always in charge of the exchanges with passengers, door control, and other
unexpected situations.
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RESEARCH CONTEXT WITHIN SNCF

#TrainAutonome JESRCIEREEEINIE

SNCF AIMS TO DEVELOP
AUTOMATED TRAINS. HOW DOES
THE ROLE OF PEOPLE EVOLVE IN
RAILWAY SYSTEMS DURING
AUTOMATION CHANGE?

WITH THIS INCREASING AUTONOMY, HOW CAN WE
ALLOCATE THE FUNCTIONS TO HUMANS AND
TECHNICAL SYSTEMS TO BETTER ENSURE SAFETY AND
SECURITY?

lundi 2 octobre 2023 @



RESEARCH CONTEXT WITHIN SNCF
AS-IS & TO-BE ANALYSIS

Project the future application on GoA2 by analysing the existing scenarios
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RESEARCH CONTEXT WITHIN SNCF: A LOOK IN THE CABIN

DRIVER MACHINE INTERFACE (DMI) IN CABIN

a o—

L)

-

O

NA

Classical driving cabin Automated Train Operation
(ATO) Panel

) Source: https://www.lettreducheminot.fr/ertms-ecran-regio2n/;
7 lundi 2 octobre 2023 http://transportrail.canalblog.com/pages/ertms---les-grands-principes-techniques/38926569.html;
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COMPOSITION OF THESIS WORK

Scenarios Model-based
selection human system

Incidents integration

analysis

Safety-critical Elicit

component Safety-

CEPemE © emergent
identification oriented

properties in
early design
phase
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Scenario
modelling

Technical
System
Human and modelling
organisational Task
factors analysis

TO-BE

Human-in- .
scenarios

the-loop
simulation
onGoA2

Activity
analysis




+ 02. STATE OF ART
* FOR TO-BE SYSTEM GOAZ : PRELIMINARY RISK ANALYSIS BY SNCF

FOR AS-IS SYSTEM GOAT1 : TRAIN DRIVERS TRAINING PROCESS & INCIDENTS BASES
+  HUMAN SYSTEM INTEGRATION METHOD (PRODEC DEVELOPED IN FLEXTECH,)
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FOR TO-BE SYSTEM GOAZ : PRELIMINARY RISK ANALYSIS
BY SNCF

Several risk analysis are performed within SNCF for GoA2

 Risk analysis by functions * FOH analysis

Fonction Technique sol défaill Effet immédiat sur la foncti Conséquence train et description de scénario commentaires [
"lept.” | radall M M i

COMPLEMENTS FOH A

Impact sécurité:

S e L’ANALYSE PRELIMINAIRE DES
- Cartographie des profils (surveillance ATP garanti seulement sur

nement

erroné / ERTMS)

dégrade - cartographie des fortes pentes / restritions de vitesse (pas de prise
N B . |cartographie de signalisation en charge ATP en survitesse vis & vis de |a restriction FP)
Programmer la cartographie x (retardé erronde

/ Impact régularité

Jexces | Le conducteur reprend la CM du train. S o U S E R -l— M S
déficit) Si les signaux ne sont pas restrictifs, I'ATP ne fera pas de prise en

charge.

GOA2 ERTMS Une éventuelle survitesse entraine une prise en charge

par IATP. MISSION SPOT SYNAPSES

PN CR I T R NSRT) - e . L
GORZT 2771672 qUE contient
Impactrégularité exactement la @ une cartograpnie
Fonction Le conducteur reprend la CM du train cartographie ? Cext : Pas de partielle est possible :
nement et comment elle agit A champs de
. . . . ) . ) circulation avec un o .
erroné / GOA2 ERTMS Une éventuelle survitesse entraine une prise en charge |sur la circulation . constitution de l'infra
Joned N ATO sans ATP actif N o
dégradé par I'ATP. . - : données obligatoires|
. i . X icones d'état
Programmer la cartographie x (retardé | profil de la ligne (segment Erreur sur la vitesse de Cext - Pas de ATO {tunnel) et ERR
/ profile) GOA?2 SL Une éventuelle survitesse entraine une prise en charge par |ligne en Fortes Pentes | . = optionnelles (ex.
g . = e : circulation CA sur .
anticipé I'ATP. : & étudier car risque ) L balises ETCS
N ligne non équipée .
[ excés [ de non-couverture par | %3 présentes ou non sur
déficit) pour pallier la sollicitation continue des freins (&chauffement des I'ATP (3 vérifie) un segment) mais
organes et épuisement des freins EP), cf. APR416A et 432 A(4) VOIR  |==> CEX : conduite conditions

10 lundi 2 octobre 2023 @



11

FOR AS-IS SYSTEM GOAT1 : TRAIN DRIVERS TRAINING PROCESS

& INCIDENTS BASES

Exemple of training scenarios inside SNCF for train
drivers’ educational purpose

lundi 2 octobre 2023

Tram Ligne Type Thime Objectiffs) Pédagogiquels) W*Train
Scénario JF COf TVM LN2 Mantparnasse_Vendome Anomalie omalie engin mots Etre capable de traiter une dijonction avec Fallamage de L5 | 8504
Scénario JF CO/ TVM LNG Paris_Benestraff Momale | mancew e le rég sur ke domaine LGV as0rm
Seénario JF L0/ TVM LNG Paris_Benestroff Normale mangure pal sur e domaine LGV 980701
Scénario JF CO/ TVM LNG PariEst_Reims Ancmalie chstace Etre capable de gérer Ia présence dlun obstacle sur fes voies 24
Scénano JF COf TVM LN2 Montparmasse_vendome Ancmalie anomlie engin mateur Etre capable de gérer un FU COVIT lorsque |a vitesse st compatbie 8306
Sednano JF COf TV NG ParisEst_Rems Anomalie Apparedage £n MAUVISE pOSITicn Etre capable de gérer i ) s 2411
Scénaria JF CO/ KVB LN PariEst_Reims Anomzlie SARetSAL Etre capable de réagir 3 a réception d'un SAR en roulant et 'observation du SAL 21
Seénario IF CO/ V8 LN ParkEst_Reims Anomalie S4R et une anomalie EM réagn 3 une funsar 2n
Sednario JFCO/ TVM LNG ParisEst_Reims Anomalie anomalie engin moteur gérer une non chage dune abords dune. 211
Scénario JF CO/ TVM LN ParsEst_Reims Mormale Crculton nomale Etre capable de gérer une circulation sur ke domaing ETCS 2 2u
Scénano JF COf TVM NG PariEst_Reims Ancmalie Anomalie de sgnaksation Etre capable de gérer un FU avec TR & 13 transition de domaine ETCSZ vers STV KVB 22
ETCS N2 Modle 1 LG ParisEst_Rems Normale Girculatan nosmale une entrée et e domaine E1C52 21
ETCS N2 Module 1 N6 Parikst_Rems Normale Circulatan nomale Etre capable de gérer une entrée et une circulation sur le domaine ETCS 2 2n
ETCS N2 Madule 1 LNG PariEst_Rems Normale Circulatan normale Etre capable de gérer une entrée et une crculation sur le domaing ETCS 2 2n
ETCS N2 Module 1 LNG ParisEst_Rems Normale Circulatan normale Etre capable de gérer une circulation sur e domaine ETCS 2 en mode S8 211
E1CS N2 Module 1 LG parsEst_Rems Normale Circulatan noemale ge sur e domaine £1C: Ie dernier #5L. 1

More than 1,000 training
scenarios are available inside the
SNCEF training center for different
kind of simulators. From which we
can start our simulations and
project to future applications on
GoA2?



FOR AS-IS SYSTEM GOA1 : TRAIN DRIVERS TRAINING PROCESS
& INCIDENTS BASES

Review of the incidents that happened in the past years to anticipate the safety-critical
elements and situations to improve the early design phase of GoA2.

 SNCF OPEN DATA

https://ressources.data.sncf.com/explore/dataset/incidents-securite/table/?sort=-niveau_gravite

Numéro & Origine Numéro ISIC

Résoau

12 lundi 2 octobre 2023
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INCIDENTS ANALYSIS

Severity scale for incidents and accidents (adapted from EPSF, (2016))

Severity
“Minor” safety event

or even slight injuries

An event that could have had individual human
consequences (one or two seriously injured - 24 hours of
hospitalization) or one person killed

An event that could have had collective human
consequences (many seriously injured and/or several
people killed)

An accident which had significant consequences

An accident which had serious consequences

lundi 2 octobre 2023

Measurable standards

An event that could have had consequences on materials,

In 2016, a working group led
by EPSF (French Safety
authority) defined the
principles of a six-level
severity scale. The most
serious accidents, of levels 5
and 6, correspond to
significant accidents covered
by the common safety
indicators (CSl), the
definition of which is given in
European directive (EU)
2016/798.



FLEXTECH

PRODEC is a scenario-based design method that enables the elicitation of emergent
properties of a human-machine system in the design phase

HUMAN SY)STEI\/I INTEGRATION METHOD (PRODEC DEVELOPED IN

* Purpose +

71 N

R0|e Declarative Scenarios Procedural Scenarios
Configurations Chronologies
T k A . Agent’s Structures Agent’s Functions
as Context ctivity l
Y

Resources

Declarative Ontology Procedural Ontology
e.g., using Protégé e.g., using skeletal plans

l ;

Induction of Agent Classes
Task' What are assigned to dO in terms of: Role; Context; Resources

Activities: what really did

v
— Refining Purpose ——

A cognitive function as a transformation of a task l
into an activity. ‘ Multi-Agent System Architecture

PRODEC method

14  lundi 2 octobre 2023 Source: Guy A. BOY - The Role of People in Large Interconnected Systems (2022) @



+ 03.METHODOLOGY : SAFETY-ORIENTED PRODEC

+ SCENARIOS SELECTION BY INCIDENTS ANALYSES
+ SCENARIOS CONSTRUCTION & MODELLING
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PRODEC METHOD

PRODEC is a scenario-based design method that enables the elicitation of emergent

properties of a human-machine system in the design phase

Task-based Task-based Emergence
Procedural — Declarative - & Activity

Knowledge Knowledge Analysis
TO-BE Hu in-the-loop sim

mmmmmmmm

TO-BE becomes AS-IS _ TO-BE

Activity-based
Procedural
Knowledge

PRODEC method

lundi 2 octobre 2023

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

EY=y



SCENARIOS SELECTION BY INCIDENTS ANALYSES

Incidents categorizations according to the incident cause. We defined two main categories: cause related to the
infrastructure and rolling stocks, and violations of procedures and rules.

Main Cause Sub-category Total
Technical failure Infrastructure 374
Technical failure Rolling Stock 150
Human Error Train Driver 841
Human Error Signaler 201
Human Error Engineering workers 43

Distribution of incidents in 5 categories of severity
[4.0,5.0]

Engineering Workers

Infrastructure

Train Driver 2%

Rolling Stock
Signaler

lundi 2 octobre 2023

Distribution of incidents in 5 categories of severity
[3.0,4.0)

Engineering Workers

Infrastructure

9.9% Rolling Stock
57.7%

Train Driver

Signaler

These data show that more than
67% of incidents that have
occurred in recent years on the
SNCF network are related to
human errors. But behind these
human errors, we need to think
how to improve the technical
system design to better meet
human needs.



SCENARIOS SELECTION BY INCIDENTS ANALYSES

Incidents categorizations according to the incident cause. We defined two main categories: cause related to the
infrastructure and rolling stocks, and violations of procedures and rules.

The 10 highest severity incidents types in the French

railway network 2015-2022.

The 10 most frequent incident types in the French
railway network 2015-2022.

Incident Severity
Accident to person 4.89
Collision against end-of-track bumper 46
Collision between 2 trains rear-end 45
Collision against an obstacle at a level crossing ~ 4.09
| Authorization to pass a cloged signal 40
Breakage of a piece of rolling stock 40
Collision against end-of-track bumper 40
Collision with parked or drifting vehicle 40
Damaged earthwork 40
Insufficient train brake power 40

Incident Type Occurrence

18 lundi 2 octobre 2023

I Inadvertent crossing of a closed signal

174

Track failure
Exceeding speed limit (> 40 km/h)
Serious signaling incident

Dispatch without a written speed restriction
order

Crosses level crossing with open gates
Open doors in passenger trains operations
Derailment

Fire on board a train

Damaged earthwork

157
132
119
116

81
78
75
64
57




FROM INCIDENT ANALYSES TO SCENARIO CONSTRUCTION
AND MODELING

From the incident analysis results, After discussion with train drivers, we
the signalization system dysfunction identified two safety-critical components from
is a safety-critical component to add experience: obstacles on the rail and

to our simulation scenarios. weather

Trackside signals

TVM display in cabin

Bad weather

19 lundi 2 octobre 2023 Source: https://www.sncf.com/fr/groupe/coulisses/signalisation-ferroviaire; https://fr.wikipedia.org/wiki/Transmission_voie-machine @



https://www.sncf.com/fr/groupe/coulisses/signalisation-ferroviaire;https:/fr.wikipedia.org/wiki/Transmission_voie-machine
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SCENARIO CONSTRUCTION AND MODELING

Construct the scenario for PRODEC method application based on the safety-critical elements identified by safety
analyses :

- 5 : Environmental components:
Manual Driving Semi-automated Scenarios

(GoAl) (GoA2)

~ @ -OEE
On board train components:
Phase 2 . f . Co C3 M ]
o  GoAl:

¢, Signalization display fully functional

Phase 3 ,_ . . . y . ¢, : Signalization display dysfonctional

E,: No obstacle on the rail

E;: Obstacle on the rail

E,: Adapted weather for train operation
E,: Bad weather for train operation

o  GoA2:
¢,: ETCS signalization display fully
Three critical driving phases: functional
* Phase 1: enter high-speed area &: ETCS signalization display dysfonctional|
* Phase 2: drive in high-speed area ¢3: ATO fully functional
* Phase 3: enter in destination station C3: ATO disengagement

lundi 2 octobre 2023 @



SCENARIO CONSTRUCTION AND MODELING

Construct the scenario for PRODEC method application based on the safety-critical elements identified by
safety analyses : The scenarios in each driving phase are composed by these safety-critical
components in functional/dysfunctional states.

No situation
Three types of situations:

T: typlcal & N: Normal wmi:lﬂ& Signalization display dysfonction \/'i’l‘::::;t:!’)
+ C: Critical & A: Abnormal — ~zone? -

» E:Emergency & NA: Near Accident

GOA 1 GOAZ accident situation
T&N E,c, E,c,cs Take the example of signalization system
C&A E,; (Phase 1) &cC dysfunction, on GoA1, before entering
C&A E,E,c, (Phase B)W the high-speed zone, train driver can
E & NA E,C, (Phase 2) E.c,c, restart the signalization display in case of
E& NA E.c, Ec,c, dysfunction. But during the high-speed

driving, this becomes an emergency

21 lundi 2 octobre 2023 @
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FROM INCIDENT ANALYSES TO SCENARIO CONSTRUCTION

AND MODELING

Before the human in the loop
simulation, we need to model the
simulation scenarios to analyze
the tasks assigned to train drivers.
By modelling these scenarios
using BPMN, which is easier to
understand for all stakeholders,
we can visualize and discuss the
simulation scenarios more easily.
This also helps us to identify the
critical tasks during train driving.

lundi 2 octobre 2023

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.

C] 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

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

All outputs are activated — process continues

in parallel.
Activity 2

Parallel
" gateway

Activity 3

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.

O

End event



SCENARIO CONSTRUCTION AND MODELING

Modeling the constructed GoA1 and GoA2 scenarios under BPMN:

Exemple of GoA1 scenario under BPMN Exemple of GoA2 scenario under BPMN

et M ot e TR g N N R Y

[l e e = G = R D G S— =3

. - e Ehe =4 = = - =
= = pe T =] o = =

=) ) ) ) ) o =) e Train Driver

== = . e _q |
— G ate——yl v =) =) ot = | (R ==Y
e Train Driver + =D o L
B =X

: « (=) S- 1 i = I
T lgna er = ATO

—-+—Gs Other Agents S ETCS
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SCENARIO CONSTRUCTION AND MODELING

Modeling the constructed GoA1 and GoA2 scenarios under BPMN: AS-IS and TO-BE analysis

Emergency break
by ATP

Emergency break
by ATP

Exemple of GoA1 scenario using BPMN Exemple of GoA2 scenario using BPMN
B ass by CAB # Cabin signal <) ® -
Start the train | P panils system equips - Pass by CAB Cabin signal system
o = Clige pritzecdly ) panels equips automatically
- | Cabin signaling system not armmed - \ow
& Cabin signaling system not armmed
‘‘‘‘‘‘‘‘‘‘‘‘ ( A
] 7 C (Rmanae l Snanually arm the
@”"E'e”q“‘P cabin signali the cabin signal E N cabin signal
system (
driver's choice g H \ system &
driver euquip the cabin signaling
N einitia‘(es emergency _@ )
brezt train stopped ) L @ driver disengage ATO disengage the
. N ATO
31 Gateway1 N —
EiE]
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+ 04.SIMULATORS & NEXT STEPS
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SIMULATORS VISITS & NEXT STEPS

Coming soon : Project with “Centre d'Ingénierie Formation Traction “ (CIFT) :

R Cabin signal system
equips automatis

< S
Cabin signaling system not armmed S\O ( O
e ¢
0 a\‘!j c,@(\ B
<e2* \a""‘ @$ :
\ Oec disengage the
Gate .\(\g i >
NS Emergent
Properties

?
.| Emergency break
by ATP

Task (left side) and activity (right side) analyses using BPMN graphs, and identification of
emergent properties

TO-BE become
AS-IS
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Thank you !




