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The Capgemini Group's portfolio delivers leading digital assets and ‘
deep end-to-end capabilities
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THE RAILWAY offering portfolio

For Manufacturers, Infrastructure Providers & Operators

PRODUCT OPERATIONS & SERVICES

——

Control Command & Intelligent

Embracing Rolling Stock Ffull
lifecycle, from Design and
Verification & Validation up to
Test & Commissioning

= Design-To-X

= Managed Test Services
(V&V-T&C)

= Decarbonization (H2 —
battery)

Development and integration
of critical, autonomous
control & command systems

* End-to-End Critical
Software Engineering

= Autonomous Train

Advanced systems, tools and
process to monitor the
infrastructures & traffic

= Supervision & Monitoring
systems

= Operation Control Center
(0Co)

Advanced tools and processes
to embrace the Industry 4.0
revolution

= Smart Factory for Rolling
Stock

= |ntelligent Supply Chain

Optimized Engineering Next-Gen Intelligent
for Rolling Stock Signalling Systems Infrastructure Manufacturing & Support & Services
& Traffic Management Supply Chain

Services for better long-term
efficiency

= Digital Technical publications

= Signalling Software
maintenance

= Railway Academy

TECHNOLOGIES

Digital Enablers for Railway - Next generation digital solutions to address railway challenges at scale

= Digital Continuity (Digital Twin / Product Lifecycle Management)

=  Transition to 5G for Rail (Future Railway Mobile Communication System)

=  Advanced Analytics & Artificial Intelligence for predictive maintenance solutions
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1.

EVOLUTION OF SIGNALLERS' ROLE

DISPATCHERS AND MITIGATION OF CASCADING DELAYS
TRAIN DRIVERS

FUTURE FOR OPERATIONAL STAFF

INCREASING COMPLEXITY IN THE SYSTEM?

OPERATIONAL RULES & HARMONISATION
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https://br.pinterest.com/pin/70228075424578989/

EVOLUTION OF
SIGNALLERS' ROLE
(FAHRDIENSTLEITER)




S

1 TECHNICAL EVOLUTION OF INTERLOCKINGS

Credit: Marcus Wong Wongm Credit: Haraldmueller

Source: Wikipedia Source: Wikipedia


https://commons.wikimedia.org/wiki/User:Wongm
https://commons.wikimedia.org/wiki/User:Haraldmmueller
https://commons.wikimedia.org/wiki/File:Electromechanical_interlocking_Pukekohe_1992_B.jpg

1 TECHNICAL EVOLUTION OF INTERLOCKINGS
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Credit: Signalhead
Source: Wikipedia

Credit: Plutowiki
Source: Wikipedia
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https://en.wikipedia.org/wiki/User:Signalhead
https://en.wikipedia.org/wiki/Interlocking#/media/File:Relay_room.jpg
https://commons.wikimedia.org/wiki/User:Plutowiki
https://commons.wikimedia.org/wiki/File:Simis_IS_AB_St._Gallen.jpg#/media/Datei:Simis_IS_AB_St._Gallen.jpg

1. HARMONISATION OF HMI

Source: DB Netz
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1. THREE MAIN PILLARS OF CHANGE FOR SIGNALLERS

o levers & wire -> copper wire -> fiber optics

O Larger control areas: < 100m <10 km unlimited

EXN Harmonisation —> One harmonised HMI nationwide



1. SIGNALLER AUTOMATION

* NO KNOWN PROJECT FOR COMPLETE SIGNALLER AUTOMATION

* POTENTIAL FOR AUTOMATING SOME VOICE COMMUNICATION

S
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DISPATCHERS AND
CASCADING DELAYS
(DISPONENTEN)




LL
O
s
> Z
AV
¥
o O
T

STORY




2.1 CASCADING DELAYS - DISPATCHER'S ROLE

Source: Network Rail

02:48 - An incident near Cheltenham
closes the line
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08:48 - Six hours later, the impact
is being felt around the area

’ Tralns directly affected by
the fault

Congestion
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15:18 - 12 hours after the incident,
much of the network is affected

(

. Trains directly affected by
the fault

Congestion

) Late-starting trains
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22:48 - 20 hours on and the effects
are being felt across the country

(
St

' Trains directly affected by
the fault

Congestion

() Late-starting trains
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22:48 - 20 hours on and the effects

are b‘eing:‘fe.lt across the country 2 CASCAD I N Cl D E LAYS —
' HUMAN DISPATCHERS

III

e “Small” area of responsibility - < 100 km of tracks
* Experience - Consider only relevant options:

e Usual platforms

e Usual routes

* Feedback from the past

* Apply rules of priority by train type: intercity,
urban, freight, ...




2 CASCADING DELAYS — AUTOMATION

* There has been research of this problem in operations Pz RPN TNl R R {0
are being felt across the country

research for many years with limited success:
* Larger areas of calculation lead to NP-hard problems
* Use of heuristics and other methods to reduce 3 P r—
computing time 7 ' Congestion
» Decisions need to be quick — in minutes or < 1m i ' B e

* Decision to be trusted by dispatchers (Disponenten)

* Only a few traffic management systems employ
automated conflict detection & advisory systems for
conflict solution, e.g. RCS by SBB

* Use of Artifficial Intelligence is being tested but

considered immature
e Using deep learning or reinforcement learning — same
technology as used by Google for the boardgame Go
e BUT Some optimism at DSD@DB for using Al in
production in the next decade

S
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2. TWO MAIN PILLARS OF CHANGE FOR DISPATCHERS

L m Harmonisation —> One modern harmonised HMI nationwide



2. Al & ROLE OF DISPATCHERS

* |F THE PURPOSE OF USING ALGORITHMS IS MAKING MORE COMPLEX
DECISIONS

* [F HUMANS ARE STILL INVOLVED IN THE DECISIONS (VERY LIKELY)

 NEED TO RE-DESIGN HOW INFORMATION IS PRESENTED

S
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Agenda

EVOLUTION OF SIGNALLERS' ROLE

DISPATCHERS AND MITIGATION OF CASCADING DELAYS

TRAIN DRIVERS

INCREASING COMPLEXITY IN THE SYSTEM?

OPERATIONAL RULES & HARMONISATION

FUTURE FOR OPERATIONAL STAFF
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TRAIN DRIVERS
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3. TRAIN DRIVER'S ROLE
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3. ETCS ROLL-OUT
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3. ATO GOA2Z



https://www.mynewsdesk.com/uk/govia-thameslink-railway/images/automatic-train-operation-1251175
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INCREASING
COMPLEXITY IN THE
SYSTEM?




4. FEATURE MIX

S

Features

ETCS radio-based (no light signals)

Driver advisory

ATO GoA2/GoA3/GoA4
Trackside train detection (Achszahler)
Automated coupling

Onboard train integrity

Onboard positioning

Mandatory?

Yes

Optional
Optional
Optional
Optional

Optional

Optional




&
4. MIX OF TRAINS WITH/OUT TIMS (ongoaro

INTEGRITY)

TIMS Train Non-TIMS Train Non—ERTMS Train

Trackside Train Detection Trackside Train Detection ﬂ Trackside Train Detection ﬁ
Sectont___ | | Secton 3

secton2___|——

Credit: Fotso et al, 2018
Source: paper


https://www.semanticscholar.org/paper/Modeling-the-Hybrid-ERTMS-ETCS-Level-3-through-Goal-Fotso-Frappier/1eb0ef2143c8f9a2e7d998b17033a6c539475377

4. ROUTES
WITH DIFFERENT
ATO LEVELS

ATO GoAl

ATO GoA2

ATO GoA3?

S



4. FEATURE MIX

S

Features

ETCS radio-based (no light signals)

Driver advisory

ATO GoA2/GoA3/GoA4
Trackside train detection (Achszahler)
Automated coupling

Onboard train integrity

Onboard positioning

Mandatory?

Yes

Optional
Optional
Optional
Optional

Optional

Optional




4. VVIEW OF TOSHIBA PC DESKTOP
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4. VIEW OF LENOVO PC DESKTOP
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4.

TECHNICAL
DIVERSITY AND
PROBLEMS FOR
OPERATIONAL
STAFF

i

Different HMI

Different procedures
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4. ETCS DRIVER HMI = MOVING BLOCK
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4. ETCS DRIVER HMI = FIXED BLOCK
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Agenda

1. EVOLUTION OF SIGNALLERS' ROLE
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5. OPERATIONAL RULES & HARMONISATION
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OPERATIONAL RULES &
HARMONISATION
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5. JUNGLE OF ETCS IMPLEMENTATIONS
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5. IDEAS FOR THE FUTURE

Fully
1ERTEL

S



5. IDEAS FOR THE FUTURE

N
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5. BARRIERS FOR INTEROPERABILITY

* INSUFFICIENT ROLLOUT OF ETCS (WEAK BUSINESS CASE)

* NON-HARMONISED OPERATIONS FOR ETCS L2
 E.G. DEFECTIVE LEVEL CROSSING

* FREQUENT USE OF VOICE COMMUNICATION & NO USE OF ENGLISH

* NEED TO LEARN NATIONAL LANGUAGE TO B1 LEVEL - EVEN FOR REACHING THE NEXT STATION
ACROSS THE BORDER, E.G PT <-> ES

S
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FUTURE FOR
OPERATIONAL STAFF




6. ADVANTAGES OF AUTOMATION

* MITIGATES DEMOGRAPHIC PROBLEM

e INCREASED FLEXIBILITY
* CONTROL FROM ANYWHERE
 STANDARDISED HMIS & TRAINING
e LESS NEED FOR DRIVER ROUTE KNOWLEDGE

 HIGHER PRODUCTIVITY AND LOWER OPEX (OPERATIONAL COSTS)

* REDUCED NUMBER OF LOCATIONS (1500 -> 100)
e EACH OPERATIONAL STAFF OVERSEES LARGER AREAS

S



&
6. FUTURE OF WORK FOR OPERATIONAL STAFF

Role Coming changes How certain?

Signallers / Standard HMI -> can control any area DSD deployment of DSTW + ETCS L20S
Fahrdienstleiter DSTW/ESTW increases productivity

Dispatchers / Standard HMI -> can oversee any area PRISMA introduction in Sep 2024

Disponenten Some decision support

Train drivers Simplification of rule book Ril 400
Partial job harmonisation EU-wide Roll-out of ETCS L20S




&
6. FUTURE OF WORK FOR OPERATIONAL STAFF

Role More distant future - speculative

Reduction of voice communication - automation

Signallers Work also in English
IT support for less common procedures and situations

Al/Reinforcement learning -> larger supervision areas

Dispatchers .
Increased automation

Reduction of voice communication - automation

Work also in English
IT support for less common procedures and situations

Widespread ATO GoA2?

Train drivers




6. REASONS TO CONTINUE AUTOMATING

* DEMOGRAPHICS
e PROBLEM TO RECRUIT OPERATIONAL STAFF -> REQUIRES HIGHER PRODUCTIVITY
e EUROPE-WIDE HARMONISATION -> SINGLE MARKET FOR OPERATIONAL STAFF

* INCREASE COMPETITIVENESS
e RAILWAY COMPETITIVENESS HAS STAGNATED
* TICKET PRICES ARE NOT COMPETITIVE
 STRONG COMPETITION FROM OTHER SECTORS

e PARTIAL AUTOMATION:

e SWINGS BETWEEN REDUCED WORKLOAD IN NORMAL SITUATIONS AND EXTREME
WORKLOAD IN DEGRADED SITUATIONS
* CAN LEAD TO DISTRACTIONS

e LOSS OF SKILLS, EXAMPLES FROM OTHER SECTORS, E.G. AIR FRANCE 447 RIO - PARIS

S



uni @ engineering

Renato Rodrigues
Capgemini Engineering

Mobile:  +49 (0)173 1714087
Linkedin: www.linkedin.com/in/renato-rodrigues-343223b/

Capgemini Engineering combines, under one brand, a unique set of strengths from across the
Capgemini Group: the world leading engineering and R&D services of Altran — acquired by
Capgemini in 2020 - and Capgemini’s digital manufacturing expertise. With broad industry
knowledge and cutting-edge technologies in digital and software, Capgemini Engineering supports
the convergence of the physical and digital worlds. It helps its clients unleash the potential of R&D,
a key component of accelerating their journey towards Intelligent Industry. Capgemini Engineering
has more than 52,000 engineer and scientist team members in over 30 countries across sectors
including aeronautics, space and defense, automotive, railway, communications, energy, life
sciences, semiconductors, software & internet and consumer products.

Learn more at
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