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Increase energy efficiency of trains

1. Driving Advisory Systems
2. SFERA-protocol
3. C-DAS-C @ Infrabel
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“You can't manage what
you don't measure”

JAN VETLE MOEN, ENERGY ADVISOR NSB AS
AT THE UIC WORLD ENERGY EFFICIENCY CONFERENCE
PORTOROL SLOVENIA



Why?

Same trains on same tracks in same period of year can have huge variation in consumptions.
Without meters no return on investment of new rolling stock, eco-driving, Driving Advisory
Systems and Automatic Train Operations.
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With the framework regarding Enérgy Metering and Settlement, Infrabel
can invoice the correct consumption to the correct Railway Undertaking.




{ow can we help Railway Unpl/ﬁtakm lrﬂjum
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' In front of an expected red sigh to avoid unplanned stops?



Without connected Driving Advisory System (DAS)

Energy consumption: 350 kWh Runtime: 651 sec (incl. unplanned stop)

Traction energy

recuperation

1. How much energy can be saved if train
doesn’t have this unplanned stop?

2. Would this cause
extra delay?

Unplanned stop due to
Conflict situation

Train speed line



With connected Driving Advisory System (DAS)

Energy consumption]1204 kWh | Runtime

-40%

-

626 sec

Train speed advisory:
Vopt = 110 km/h to Olten Nord

)

-25 sec
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Cruising advice in this
example. Coasting is
regarded to be even
more energy
efficient.



Different types of Driving Advisory Systems

* S-DAS (stand alone DAS):
* On-board advice based on the static timetable
 The spare time in the timetable is used to save energy
* Datais loaded before the train-run => no permanent radio coverage needed
* This can only work if nearly all trains are running on time

* C-DAS-C (connected DAS with centralised advice calculation):
* Trackside calculated advise based on the current timetable with adjustments from Traffic Management System
* In most cases the dispatcher has to initiate this process => only applied to solve conflicts
* Trains with C-DAS-C will get a speed advise to avoid a conflict
* On a network with high punctuality, nearly no C-DAS-C advices will be generated

e C-DAS-O (connected DAS with on-board advice calculation):

* On-board calculated advise based on the current timetable with adjustments from Traffic Management System
e This combines the advantages of S-DAS and C-DAS-C
* An advice is calculated when all trains are running on time, but also in order to avoid conflicts
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IRS 90940

* The RS 30940 was published in June
i () 2020 and defines the SFERA-protocol.
G E A E D * |t describes a bidirectional

communication between a Traffic

Application on-board.
M * Direct or via a ground server of the RU.
L —
DAS-TS * The protocol can also be used to
communicate with ATO (Automatic
Train Operations)

* Maintenance project is ongoing. It is
still possible to join. DAS-suppliers will
be able to join a user group. Contact

Y
RU SFERA DAS — User
DAS-TS recommended On-Board Interface
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Functioning of a C-DAS-O

TRAIN PATH ENVELOPES

TMS

-

OUTER LOOP

DAS

=

INNER LOOP

FEEDBACKS

= Updated train characteristics
* Train position
* Statusreports

=

INNER LOOP

DAS

=

INNER LOOP

Each DAS has its own
optimisation algorithm.
Each DAS sends feedback to
TMS.

TMS detects conflicts,
defines optimal solution and
adjusts Train Path Envelopes.
A Train Path Envelope
contains the periods of time
in which a train can pass
each of the significant
locations of its train-run.
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SFERA MESSAGE STRUCTURE

from ground to board

TrainCharacteristics

* Train Identification

JourneyProfile - interruption point

*1D
* \ersion
= RU-ID

* Rolling stock type

* Engine power

* Train ATP-system

* Traction force curve

= Braking force curve

* Maximum regenerative
force/braking

* Comfortable
acceleration/braking

= Braking/Traction reaction time

* Train length

* Train weight

* Train max speed

* Rollout coefficients

* Rotating mass factor

* Wagon/Loco length and
weight

* Network Specific Parameters

Other elements

* Plain text message

* Position Speed

* C-DAS-C advice

* Force driving mode

* Related train information

Optional data elements

Common Header *F

SFERA XSD-Schema Draft-Version 2.0

* IP Status

= Network specific parameters

SP-list

F 3

-
>

= Train cﬁamcterfstics‘

* SP-ID, SP-Version

* Temporary power

advice
* Temporary
= Timing Point ref * Timing P°i_"t ref | . ?—onstramts anal = Timing Point ref
* Latest Arrival time | |* Lﬂt’?“ Ar r ival time em;;o.r..:rr:r signa * Latest Arrival time
* Arrival Window = Arrival Window Constraints * Arrival Window
r Y » r'y
SegmentProfile
v A
s * SP-ID * Next SP Ep
ML LT e * SP-Version + Context Information Timing point +1
* SP-Length
SP-points v
* Timing point * Signal
* Stopping zone * (Virtual) Balise
= Stopping location * Unprotected level crossing stap

SP-Characteristics

« Static speed profile

* Gradient, Curve, Superelevation
* Rated & Estimated Voltage

= Current Limitation

= ATP System

Netwaork Specific points,
characteristics and areas

ERA Message Header
Message-ID
Timestamp

Sender

Recipient
Correlation-1D

SP-Areas

* Platform, Tunnel

* Decisive Gradient

* No stopping area

* Permitted braking distance area
* Axle load speed profile

* Switch off (...) brake area

* DAS modes unavailability

* TAP/TAF location

Composition Pl

SP1 SP2

TC1

> = =

from board
to ground

Handshake request

>
Driving Mode (Inactive, Timetable,

Readonly, DAS not connected to ATP,
GoA1/2/3/4)

Architecture (DAS-C, DAS-Q)
Connectitvity (stand alone, connected)

PositionSpeed
* Location

* Speed
* GP5 position

Timing Point Info
* Previous Timing Point

Timing Point Estimation

TrainCharacteristicsChange

trainLength
trainWeight
trainMaxSpeed

Other data

SP3

e

New adhesion conditions

Energy data (measured voltage, current,
battery autonomy, available power, ...)
Expected current data (timeframe,
expected consumption/regeneration)
Plain text message

C-DAS-C shown

Train ready status and delay notice
Interruption related information
Network Specific Parameters

JP2

SP4 SP5

TC3 13

IRS 90940 (SFERA Project)



What benefits are reachable with a DAS?

* Energy savings

* CO, emission savings

* Higher punctuality
 Maybe even more capacity
* Less maintenance

* Small increase of safety
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Situation in Belgium

 We are using same Traffic Management System as SBB.

 We made an upgrade that went operational last year.

* This new version is able to generate C-DAS-C speed aduvise.

* Infrabel decides to put this operational but already use the SFERA-message structure and a
simple web app on-board the trains.

* This permits further migration towards C-DAS-O but also supports apps able to communicate
with different Infrastructure Managers.
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Roadmap

Technical Upgrade and testing Training

o-live new TMS
(without DAS)

TMS core

Technical setup and communication to train,
Optimising quality of advise

Roll-out (freight)
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Planning TMS-DAS POC
Fb  Mar  JAr

MS 3.3 e 25/1:1166-165
(“DAS ready”) e 16/2: L50A/51A

Test runs (Infrabel trains)  TBD: L96/90C
Demo + intro (corridor L50A)
Test runs (corridor L50A)
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Choice of test corridor

Balance between:
* Train operator preferences
* Achievable for traffic management

« Sufficient data quality (in practice this means digital interlocking for ETCS)
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Planning TMS-DAS (ADL) 2023

N N -
* *

MS 3.3 ’k
(bug fixes, (fixes/improvements, (integrate in
logging) App-store) SNCB eDrive??)

Start corridor L50A

Start 2" corridor ?
Start 3 corridor ?



Possible next steps

what? how? dev work
roll-out easier login: native app (Cordova)
avoid more conflicts easier integration: ADL as web component
improve TMS dispatcher user-priorities

energy efficient driving

on-board DAS

use JP/SP, integrate with 3rd party?

driver GUI

use JP/SP, integrate with 3rd party?
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Implementation

Current implementation of the Infrabel DAS solution is an IM-train setup as shown below. We have a working web-
app, development of a native Android app is ongoing. The current implementation has some design choices and

limitations.

Ground

oD E 2 &
- TMS
DAS-TS
MQTT
MQTT

DADn- User Ident|ty
o
Provider
DAS On-
board

RCS originally by SBB

JAVA add-in to RCS implemented by
Infrabel

VerneMQ
(open source MQTT broker, scalable and
enterprise ready)

ADFS
(tool of Microsoft for single identification)

Angular webapp by Infrabel
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Speed advices (1)

- We (currently) only support speed advices. No Journey profiles/Segment profiles.
- Speed advices are only sent in case of conflicts or manual interventions.

- We only send advices when the train passed a signal (then we know exact passing time and can make accurate
calculation and advice)

- The application blanks the speed after a short time but keeps the pictogram
- Speed advices have only a short validity, we regularly re-send the advice (while passing another signal)
- Series of speed advices is ended with an EndOfAdvice (either normal or error)

- Each reason code has a pictogram associated in the ADL application. We also use 4 ‘NationalUse’ reason codes:
- NationalUsel: to indicate goal is for the train to arrive on a fixed time (not as conflict resolution)
- NationalUse2: “maximal speed”
- NationalUse3: to indicate an error case of “EndOfAdvice”

- NationalUse4: to indicate special case of “speedadvice”: (re-)calculated speed <40km/h
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Speed advices (2)
Pictogram_[Reasoncode |

followTrain The train you're on has a conflict with a train "in front"
of you.
trainFollowing There are two conflicts: a train "in front" of you (as in

the previous case) as well as a train behind you.

NationalUse2 Maximum speed. The driver should drive as fast as
allowed.
NationalUsel Fixed time. Please follow this speed to arrive at your

destination on the time set by the dispatcher

energyOptimisation The driver should follow the speed advice in order to
drive as energy efficient as possible.
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Screen shots
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Screen shots (if train doesn’t follow advise)
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DIST END
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MQTT security (1)

TMS

ADL

v 1

ADL ADFS Infrabel
resymatt broker WebClient Server
F Y
Intramet k. |
I
JWT token including ACL
verify credentials
DMz
T2 J,
DMz claim infrabel be
T1
. |
— A |
5 Reverse-proxy |
Infrabel T II'.
network - \ includes JWT token
".I oauth2 |
§ \ flow
PUb"C II| |
network | | |
https B\ ¥
download web client
adlinfrabel. be

adl-api.infrabel. be

security app page

browser

Mohile device

usemame/pazswprd Infrabel or RU




MOQTT security (2)

11:46 O LTE 4 875% 11:46 O LTE 4 875% ™M Gmail O LTEA875% 11:47 O LTEAd875%
(¢ @ claim.infrabelbe + @ i (¢ @ claim.infrabelbe + @ i ' @ sceoun. «jorisu. - now > (d @ |d-adlinfrabelbe + @ i
Verification code Infra..
Account ENv & @ Account ENv & @ I I ADL & N
Archive  Reply
Treinnummer
Hello Login with a verification Login with a verification
egistreer
. . . code code
Joris.weidener@infrabel.be
To hB|p keep your account secure, we need to Enter the verification code you received:
verify it's really you by using one of the methods |
below. Please choose how you would like to receive this dn't receiv de?
Choose your verification method. verification code:

Send me an SMS

PASSWORD Send me an e-mail
* ktﬁl
| use an authenticator app
Need help?
@ PUSH NOTIFICATION e 1 2 3 =
L 4 5 e
et
VERIFICATION CODE
How to choose? N __m_. -
@ : - -~
- < /  Capturemo , 0] . —
% > |
< - < - v - < -
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Handshake

1. Limitation on DAS Operating Modes:
- Only “DAS not connected to ATP” is allowed as driving mode
- Only “Ground Advice Calculation” is allowed as architecture
- Only “Connected” is allowed as connectivity
2. There are no special provisions for multiple devices on the same train
3. Only “OwnTrain” is supported. The backend will not give any info about other trains!

4. Any DAS-OB successfully handshaking will be registered to the train they specified
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Heartbeat

To make sure the train driver knows his device is still in contact with the TMS backend system

- So if there is an advice shown, it is still valid

- If no advice is shown, it’s because there isn’t any
- To make sure the dispatcher knows which trains are capable of receiving speed advices
- For each device that performed a handshake, we regularly send SFERA_G2B_Request(DAS_DrivingModerequest)
- DAS-0OB not responding for >10 minutes are disconnected (this can be visible to dispatcher)

- Our client not receiving these will show “offline”, and will try to reconnect (random interval)

© 4 W74%

& No internet connection
(¢ @& |d-adlinfrabel.be +

Offline

ADL & N

2832

Geen verbinding beschikbaar
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Questions?

Thank you for your attention
bart.vanderspiegel@infrabel.be




