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Content:

1. Real-time & ETA
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2. Background information
Overview of relevant systems
and data sources

3. Outlook (medium & long term)



1. Real-time & ETA History = Future

before 2000 2005 2010

Smart VMS
based on real-time information
from numerous sources
incl. GPS...

HIM
Information
Manager

Train Monitor System
based on real-time information
from LEIDIS, USE-IT, GPS, ...

Including ETA calculation

Productive tool incl. HIM
used by Kombiverkehr

HAFAS
Real-time hub
Standard tool

LIVE MAPS
based on real-time and delay
display for passenger trains

Real-time and
delay display
for passenger trains

Case sensitive

push notifications
in case of delay
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2015

Standard tool in productive use
for large fleets of trains & buses

Intermediate steps

2020

TPS online
ENNE

2025

TPS
Traffic Management 4.0
with cross sector
integration layer
incl. CTA calculation
Train Monitor
since 2017
with additional
interface to TIS

TPS BFB
Operational
timetable
management

In2Ralil Intelligent
Mobility Management

Shift2Rail — IP2/IP5/CCA



Content:

1. Real-time & ETA
History = Future

2. Background information
Overview of relevant systems
and data sources

3. Outlook (mediumé&long term)



HaCon Business Segments 7

7; HaCon

Traffic » Software * Service

Consulting Software for timetables and mobility

Timetable Management
IT and Projects Train Planning System TPS Integrator, HIM, Timetable Information
Transport and Traffic TPS Smart VMS, RT Hub, HAFAS
xModeServer

EOS UPTRADE

Bytemark

Network Capacity Integration and
Intermodal Systems and Construction Maintenance
Management Management

Information Ticketing
Management Management

Since 2017 part of the Siemens Mobility Management family ....
.... leading the Business Division “Innovative Mobility Solutions”

5| © 2018 HaCon Ingenieurgesellschaft mbH |



Train Planning System TPS 7

Graphical Editor Infrastructure Editor Timetable Editor

e
DODHS O & 3 D i 4 HES mee [ e

o BREREREEE ]

Customers Features

Multi-user system focused on train and capacity planning for railway

NetworkRail banedanmark
-4 @ A @ BANE NOR networks

RESEAU

R\

7%  Multi-screen support
Trafikstyrelsen & TRAFIKVERKET 74@0 7  Oracle database for data management
7  Suite of specialized applications and services
@ abellic™ %mm s %  Mature COTS product with high degree of integration and
Hew NETZE thm oy S customization capabilities
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TPS Functional Areas
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= Runtime calculation o
onsrud (44.03
o
Svenmngra

=  Conflict detection and
resolution

= Planning parameters

=  Simulation

= Tabular and graphic editing
= Reports and analysis
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From Construction to Information

Infrastructure Manager

Operator

Publication / Integration

Customer Information
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Train Planning System
TPS

Train Planning System
TPS

Train Planning System
TPS Integrator

Information Systems
HAFAS

Infrastructure
Slot planning & Management

Timetable
Planning & Management

Data hub & Data Management
Data refinement

Mobility Information &
Management



Continuous Information Flow

Planned Disruption Real-time
Information Information Information

up to once a day/week

—

long-term mid-term short-term

TPS Integrator HAFAS Information Manager HIM HAFAS Real-time Hub
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Manage



Data needs to be integrated
and managed...




Modular HAFAS Architecture 7

Planned data sets Disruption feeds Real-time feeds Advanced Mobility Fares & ticketing

Content

TPS HAFAS Information HAFAS HAFAS Instant
Integrator Manager HIM Real-time Hub xMode Server Platform HIP

c
o
=
@©
S
(@)
O
+—
c

Name Trip Departure Indoor Proximity Tickgting Disp_lay Tariff.
Matching Planner View Routing Search Services Services Information

Push Disruption Train Mobility Smart Intermodal Live and much
Services View Monitor Map VMS Routing Analysis more...
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Services




HAFAS Business Products for Managing Mobility Content

Integration and harmonization = Editing disruption messages » Real-time message management
Content from multiple sources » Rule-based service alerts Content from multiple sources
Washing of “planned” timetables = Customer information Washing of “real-time” timetables

Adding data Adding real-time content Matching delays with other
sources

Connected with HAFAS solutions and HAFAS Driver
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75

HAFAS Information Manager HIM




HAFAS Information Manager (HIM) profile

= Rule based content
management system for
disruption messages & more

= ~30 customers like DB Netz,
DB, OBB, SBB, NS, SNCB,
CFL, adif, Kombiverkehr, ...

T S
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HAFAS Information Manager HIM

Distribute information

,

> o o oy
Cloud-based application ' — |

EVU, passenger, ... Y

Trip planner

Different target groups Many publication channels

Manage information
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e.g. Big Data analysis

= Use your digital gold for building better networks and improve services
= Strong applications/Apps can help to keep your data
= Examples: Event detection Berlin, HAFAS Mobility Radar (Capacity/Delay)

0 v T — e ——— —— — ]

~== Start: S Olympiastadion (Berlin) -~ Start: S Pichelsberg (Berlin) -~ Start: S Wuhlheide (Berlin) ~== Start: S+l
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http://innovation2013.hafas.de/bin/std/help.exe/en?L=vs_awt.vs_mobilitymap&tpl=fullmap&capacityApp=show&dataprovider=bvg

75

HAFAS Real-time Hub




HAFAS Real-time hub

= [mport and export of real-time information
= Control on data flow (multi-client / multi-user)
= Data washing, combining and enhancing

= Web-based configuration

= No limitation of connected satellite systems
with totally different data structure and content
(normally around 30 systems connected /
several millions of messages exchanged daily)

m
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Specific Services: HAFAS Maps with Animated Vehicle Positions

Byens Puls

public transport map

animation of public transport vehicle positions
for end customers and staff

emotional access to timetables

popular at DB, SNCF, OBB, SBB, DSB, ...

popular in cities with all modes, e.g. BVG Berlin e = ° =

21 | © 2018 HaCon Ingenieurgesellschaft mbH |


http://www.sncf.com/fr/geolocalisation
http://s-bahn-muenchen.hafas.de/bin/540/help.exe/dn?tpl=livefahrplan
http://demo.hafas.de/bin/pub/db-zugradar/query.exe/dn?tpl=fullscreenmap&L=vs_himdemo

Example: DB Netz (IM) - DB Live Maps (“Zugradar”

_ Eingeloggt als hacon_smu -> Ausloggen

> Hinweise zur Version @ /:
- Impressum

- Rechtiiches

L e Brora
->Push-Alarm I~
> CSV Export

Zeit: 09:52:08 Anzahl Ziige: 25 ALT-CARBSEN
Darstellung

[V] Livefahrplan aktiviersn

V] Zugnummer

[ [¥] Anonyme Ziige anzeigen

Personenziige  Giterziige

il (’) Fernverkehr-[/] {_} Intermodal (
[ (8) rcec [v] £ Ganzzige
F @ Nahverkehr [7] (&) Einzelwagenzige ~J[Seelze
[£] ) s-Bahnen

Sonstige
@ Q Sonstige
SEELZE;SUD

Betriebsstellen Zugsuche

Suche: Doteberg

© Abfahrt ) Ankunft

Lathwehren [

S _.Goxe
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NbZ 93459
7 Lehrte (HLER)

NbZ-G 91441 | i\ |
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1}
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.\ Wunstorf (HWUN)
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| DLr 24870 +115 X
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DAVENSTEDT

- d
GA 49409 +6

| KT 50220 15

==
| jricktinGeR

EK 53826 +21

DGS 42440 +484 y—

= Real-time operational

data via LEIDIS
interface

» Real-time data via
HIM

= Integration of freight
. train data
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Pushing real-time information ...




Real-Time and Status Information — Munich S-Bahn

Line
trips now
l Delay status
h Disruptions? (HIM & more)
v
Linie Fahrten bis 10 Min.  Stérungen GOOd ,rrains TN
Semt 46 88.0% Bad Trains |
0)

@ 10 [EEIZ H ol

1S2 10 70.0%

{ S3 ] 7

1S4 9

TR
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Solutions ,HAFAS Status”

= Status for real-time situation
= Status for disruptions now (HIM messages)
= Status for disruptions in the future (HIM messages)

Back Status Updates {3 Back Status Updates S Back Status Updates
Q_ Line: [e.g. S1 or bus 100 or 200] Q, Line: [e.g. S1 or bus 100 or 200] Q Line: [e.g. $1 or bus 100 or 200]

Lt | Fovories | Loor | Fevories | Gt | Fovortes |
® Bl » [eo% OBF « [® O X3 - FE

@ « o Ol « W& v © EEm R
OE@ « mE OB « W omEm "B
® [E s [ioo% S 38 w7 (o0} 11 [{60% e
OF o BW oEm » E v OENE B
O « W O » W& © OO oW
® 7 (S) v [0 i e 16 0%
OE « B® O = W® © o oW
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Forecast for the Next Days

= Calendar of disruptions

eeee0 Telekom.de = 10:14 i 91% W

Back Status Updates @

eeee0 Telekom.de = 10:14 i 91% )

Back Status Updates @

Q_ Line: [e.g. S1 or bus 100 or 200]

Q. Line: [e.g. S1 or bus 100 or 200]

S a120s 45ls
S HAHEEHE: -
S a120s 45ls
S a120s 45ls
S HEEEE: -
S ANEEEEE
S AREEEEE
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us) 123456
us) ANEEEEE

Veranderung im Busverkehr

Aufgrund von Tiefbauarbeiten in der Nedlitzer StraBe
missen die Linien Bus 609, 638, 639, 697 und N15
von Freitag, 28.03.2014, 6.00 Uhr, bis Freitag,
11.04.2014, 16.00 Uhr (voraussichtlich), umgeleitet
werden.

Die Linien Bus 609, 638, 639, 697 und N15 verkehren
in Richtung S Hauptbahnhof tiber Nedlitzer StraBe,
Georg-Hermann-Allee, Esplanade, Nedlitzer Straf3e;
Haltestellendnderungen sind nicht erforderlich.
Durch die Umleitung kann es, insbesondere in den
Hauptverkehrszeiten, zu Fahrzeitverldngerungen und

ik A ol Leai i Caloud, lo £




Subscription to Service Updates

= Subscription for specific days and time, or services

eeee0 Telekom.de = 14:50

Back Status Updates

Q Line: [e.g. S1 or bus 100 or 200]

3

Later ‘ Favorites ]

® 20 |80%

() DB Regio AG

On time: 16 journeys
Delayed: 4 journeys
Cancelled: 0 journeys

@ Subscribe

Currently delayed journeys:

[ZE0 - Frankfurt (Oder), Bahnhof
Frankfurt (Oder), Bahnhof arr: 14:26 +17
m -» Brandenburg, Hauptbahnhof
Furstenwalde, Bahnhof arr: 14:48 +15
[ZEN - Frankiurt (Oder), Bahnhof

= 8 5 @

Home Journey Departures Map

eee

More

eeee0 Telekom.de = 14:50

77%

Back Status Updates {@}
Details
Time 09:00 - 11:00
Time 16:00 - 18:00
Every Monday v
Every Tuesday v
Every Wednesday v
Every Thursday v
Every Friday v
Every Saturday
Every Sunday
HH &
Home Journey  Departures Map More
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ekom.de = 14:40

Status Updates

Q_ Line: [e.g. S1 or bus 100 or 200]

79% W}

©

® GE] 20 [eo%

16 [76% /O
Om -
@ @
® &=
© =0
HH 0 ®

Home Journey Departures Map

i BEER
kAl

N

N

S

More




Be up to date! Push Notification Services

Push Views

Trip Bus/Train

Voo

Line

1

Stop

1

HAFAS Push

Operator

1

Storage — Trigger — Business Intelligence

oo

Channels

App Push SMS
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1

Email

1

Widget

1

Twitter

External

1

Facebook

views

b2c
views

Planned
Information

Disruption
Information

Real-time

Information



Monitoring solutions
as basis for ETA calculation




Kombiverkehr Train Monitor 71

Reasons to develop Train Monitor

more than 12 years ago

* One single monitoring system Including ,,Cut-off time*
for all services (int.+nat.) and ,Availability

» Usage of various ETA calculation

real-time data sources

Irregularity messages can be
 Different views on complex data exchanged, stored and pushed

» Individual configuration possible Reliable archive functions

30 | © 2018 HaCon Ingenieurgesellschaft mbH |




Kombiverkehr Train Monitor

Train Monitor — Integrated train monitoring system

= Commercial/productive use

= National and international services
= Kombiverkehr and cooperation partners

= ETA calculations incl. information
management (HIM)

= Combines data from different sources
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7

Modules:
RealTime HIM File&View
Information Manager
(D) 5] aQ
& " 2
o
Data processing Data output

GPS

GPS

Mobile devices =

IM Systems (Leidis)

RNE TIS

EDI
interfaces

2train

Central

B U

}

Manual
Data Entry
=.
———

Estimated
Time of Arrival

Transport
Monitoring
Kombiverkehr




Train overview including RealTime information

Overview on currently operated trains (list view)

Current trains (10)
Last update: 18:03.57

Lyl 14.04.13 i} L 16.04.13

Adrrival planned / real Last message point Current time E HIM

Origin terminal Cut-off time planned / real
(Estimation)

T L ——— =
FEITNGS Destination terminal = Departure planned / real Availability planned ! real Status

Ostrava-Paskoy Mon 18:00 - lion 12.00 Tue 18:10 - [
w messag
Verona Quadrante Europa Mon 19:03 - Tue 23:30 -
Kain-Eifettor Ubf Mon 17:26  _ lion 1725 Tue 16:22
fain-Eiteltar Ut =Man 1725 = w messag
‘erona Quadrants Europa Mon 19:34 Tue 17:00 Hew message
Trieste Campo Marzio Rive MOLO VI Mon 12:30 - lion 12.20 Tue 10:45 - Arnoldstein Mon 18:02 +00:12@ [
Koln-Eifeftor Ub{ Mon 14:20 - Tue 11:45  _ at message point (+00:12) WSS
Koln-Eifetor Ubf Mon 10:15 - 1ion 1015 Tue 06:24 - Suken +03:14%
—_— : . New messag
Trieste Campo Marzio Rive MOLO V| Mon 11:15 Tue 08:00 _ through at message point Mo sy (+06:55) Holmains
Trieste Campo Marzio Rive MOLO VI Mon 07:00 - 1ion 07.00 Tue 04:21 - Kirchseeon +02:24%
— : . New messag
Koln-Eifeltor Ubf Mon 08:52 - Tue 05:30 through at message point Mo sy (+03:08) U 05:08 Holmains
- Mon 14:00 - Mon 14:00 Tue 22:05 - Jesenice 026 ;
e Mon 17:26 - Wed 02:15 - Arrival transfer station Mon 17:40 (o1:07y  Tue A4
Liubliana KT Mon 14:00 - lion 14.00 Tue22:05 - Jesenice . _01:26@ . .
New messag
Duisburg-Ruhrort Hafen Ubf DUSS Mon 17:25 - Ved 02:15 - Arrival transfer station Mon 1740 oio7y | Tue2134 S Essats
Liubliana KT Mon 14:00 Tue 18:54 - Jesenice . _01:26@ . .
Kain_Eifeltor Ubf Mon 17:25 Tue 23:40 Arrival transfer station Won 17:40 o107y | TuetE2R S messans
Liubliana KT Mon 14:00 - Tue 08:01 - Jesenice . _01:26@ . .
New messag
Monchen-Riem Ubf Mon 17:25 - Tue 08:15 - Arrival transfer station Mon 1740 oo-agy | Tue 0530 S Essats

! Y

Train identification Train real-time status Train ETA Irregularity

mesSsages

« Status information of your current train operations at a glance; . — _ —

* Colour classification for delay status (green — yellow — red);
* same classification in maps possible 2>

* Individual configuration possible (train filter / column sorting)

Jn-nn‘yan Kirghon
'

(ZugeNr: 11860

Vesssdrerminal.  Ljvblyana KT
Emptangstermioal. Dussborg-Rubrort Hafen Ubf DUSS | |
Verspatung. 0100 |
Letster Meldepunks: Monchen-Riem Ub{
= el

Ca Kmentrudoning
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Dataflow customer information (Example Kombiverkehr)

Customer push
info (fax / email)

r kombi
verkehr GESAR
booking & capacity INFDRMATIONSERVICES
management systems

A0 UIRR
L BR
E[I\ Partners]

ﬁHaCon
Train Monitor

EDI
interfaces

Train based Loading unit based
information information
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HAFAS Smart VMS




HAFAS Smart VMS — ITCS for bus & train

= Open system — platform-independent
= Android smartphone and tablet
= Windows and Windows CE units
= {OS (limited functionality)
= SDK with interface
= Multimodal usage
= large bus operators like DB Regio Bus
= train operators like Eurostar
= buses as train replacement like SNCF

Transilien
= connection assurance
= Web-based control center
= drag & drop route for detours
= timetable editor
= data warehouse for statistics
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HAFAS Smart VMS Profile

Easy solution for
generating real-time
Information

Automated connection
assurance s

Arr. 12:26 (-0:48)

=0 Bern, Inselplatz

Huge data archive P ——
Text Communication sremgartenfriedhof 1 2-

Performance
Monitoring and Alerts

er
T ri p Ed ito r 3 Bethlehem b. Bern, 12:33

Kirche

12:34

3ern,
Melchiorstrasse

And much more...

Driver app and web-based control center
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Web-based Control Center

Multi-client solution
Real-time trip overview

Vehicle/train
management

Historical data / Data
warehouse for statistics

Connection monitoring
and assurance

Online Performance
Timetable editor

Client specific access,
roles and functions...
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Architecture of

© Hallein Bahnhof (Westseite)

Client devices

¥ B L 5
3087-144 Dep. 16:30 +6

HAFAS Smart VMS

Crew Vehicle
Planning Planning

Crew/Vehicle
Roster

optional

GPS track

| HAFAS Server
Real-time data ' '
< Connecting trips ! MatChmg i
g trip « Calculating delays

< - -  Service situation
onnection assurance \
| : ‘ - Data hub

Real-time data

Viewer YDA others...
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Smart VMS Online Performance

= Line/route view

Journeys Realtime data IDs

[E3 FILTERS (160/1878) Mumber of entries per page 50 [+

Ling hus Reset all filters

Fealtime data ID

Maimum Delay | to
Average Delay to
1 »o | o | o |

Quﬂ Realtime data 10 Monitored Journeys Maximum Delay Average Delay <2 min < 5 min <10 min <15 min < 20 min < 30 min Time of last Report
T ” s e TEHINEEEI oo scom som sqom e
Bus 300 AK (4) 4 +5 2 FEEGEET G0 ec0om) 400mm 4000%) 145
Busi® | WEB( 3 4 " W BRI sy spown sgowe 145
sisn  weB(3) 3 i - W I SN 5oy sgower sciose)  1ase
Busist  BVO(@ 3 10 10 B000%) 3000%)  3000%)  3000%)  3000W 3000%) 145
Bz 500 s 3 +B +1
Bz 7500 s 3 +4 +3
Buz 8115 AK (4) 3 +5 +2
Bus 5310 AR (4 3 +5 +2
Bz 51 B (2 3 +4 +2
Bz S6 B (2] 3 +5 +5
Bus 730 WEB (3) 2 +9 +6
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Smart VMS Online Performance

Lines Realtime data IDs

B3 FILTERS (228:2659) T r i Vi eW
[] Journey Gperator (SCHEDULEY  Edit Client (Device ID) p
lne buz Phane Number -
Jowney Veniceld F I |te rS
Currert Delay ta
Mzximum Delay | to

Mext Stop

Configurable views for

|:| Journeys - early (Delay = -2 mind
[1 Journeys - on time

.
i different users
Frealtime data | Cliert (Device ) ng Journey D Last Stop Maximum Delay ©  Current Delay  &rival (Next Stop) (SCHEDULE)  Mext Stop Client (Software Yersion) Journey Operator (SCHEDULE) Pho R . t & R I
Bus Osnabrick Ostenttelie(Bad lburg) Ig I l S O eS

3 355094052336653 7465131 | HauptbahnhotiZOB | +0 +0 1457 1.0.18 WEB Weser-Ems-Bus +49
465 Scheventorf
(platform 4)
Bus Bremen
3 356708042986478 740 1740038 Hauptbahnhof +0 +0 1502 “erden(Aller) Mordertor 1018 VWEB Weser-Ems-Bus +43
(platform H)
Bus Brake(Unterweser) Cldenk E3 Details
3 353875054155565 B440525 +0 +0 1507
440 Bahnhat fiir Arb
Details -
Bus
8 7212153 Hugstetten ZOB +0 +0 14:57 Meuers
7212 2017-11-03 Bus 200 (2200165) Wien Hbf (Busbahnhof Sudtiroler Platz) > Laxenburg Erholungszentrum (Scheduled) W
. . a4 o Use paging
s jissingen an der irchhe
1 35814804 2835198 5283537 o +0 -1 14:58
178 Teck See Inclustri ‘ Em
‘Winnenden- | Stop Number Ho. Stop Name Arrival (SCHEDULE) Arrival (REALTIME) Departure (SCHEDULE) Departure (REALTIME) Delay y i y
Bus "
1 358148042530039 389 55363019 Hermannzweiler | +0 +0 1455 Walblin  e04050 1 | Wien Hbf (Busbahnhof Sudtiroler Platz) (platform N2) 2017-11-03 15:53 2017-11-03 15:56 +3
Baacher Wey 910018 2 | Wien Quellenplatz (L StraBe) 2017-11-0315:58 | 2017-11-0315:59 | 2017-11-03 15:58 2017-11-03 15:59
Bus Viersen 910019 3 Wien Laxenburger Strafe/Troststrafie [no deboarding] | 2017-11-03 16:01 | 2017-11-0316:03 | 2017-11-03 16:01 2017-11-03 16:03
2 92026 +0 +0 1817 Metteta
0a2 Bushahrihot 910020 4 Wienl i 2017-11-0316:03 | 2017-11-0316:05 | 2017-11-03 16:03 2017-11-03 16:05 -2
Bus Kaarst Kaarster 910009 5 Wien Sibelusstrafie [no deboarding] 2017-11-0316:05 | 2017-11-0316:06 | 2017-11-03 16:05 2017-11-03 16:06 -
2 94023 +0 +0 1520 Wierser
094 See 923067 &  Wien Siedlung Blumental [no deboarding] 2017-11-03 16:07 2017-11-03 16:09 2017-11-03 16:07 2017-11-03 16:10 -2
923023 7 Wien Laxenburger Strale/Heizwerkstrale 2017-1-0316:08 | 2017-11-0316:10 | 2017-11-03 16:08 2017-11-03 16:10 -2
317081 &  Vosendorf Spiz 2017-11-0316:12 | 2017-11-0316:15 | 2017-11-03 16:12 2017-11-03 16:16 3
317051 9 Vosendorf Laxenburger StraBe/Siedung 2017-1-0316:43 | 2017-11-0316:16 | 2017-1-03 16:13 2017-11-03 16:47 -3
317047 10 Biedermannsdorf Siegfried-Marcus-Strate 2017-11-0316:16 | 2017-11-0316:19 | 2017-11-03 16:16 2017-11-03 16:20 -2
317028 11| Biedermannsdor Orismitte 2017-11-0316:47 | 2017-11-0316:20 | 2017-11-03 16:47 2017-11-03 16:21 -3
317030 12 Laxenburg Leopokd-Figh-Strake 2017-11-0316:19 | 2017-11-0316:22 | 2017-11-03 16:19 2017-11-03 16:23 3
317031 13 2017-11-03 16:25 1
317032 14 2017-11-03 16:27 -
317039 15 | Laxenburg Erholungszentrum 4
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Smart VMS Online Performance cont.

Last data processing: 18.08.2013 150207 Refresh Data
Autn Refresh

Transfer Monitor

n FILTERS Mumber of ertries per page 50 [i]

Stop (Feeder) Reset

Stop (Fetcher)

|:| Journey Operator (SCHEDULE) (Feeder) Eclit
|:| Journey Cperstor (SCHEDULE) (Fetcher) Eclit
Arrival (SCHEDULE) (Feeder) to
Arrival (REALTIME] (Feeder) to
|:| Transfer Connection Status Ediit
1 »
Transfer Connection Status  Line (Feederl Stop (Feeder) Artival (SCHEDULE) (Feeder] Delay (Feedet) Line (Fetcher] Stop (Fetcher) Departure (SCHEDULE) (Fetcher) = Delay (Fetcher] Minimal transter time  ait time:
az planned Bus 7920 Latendorf Abzw. Boostect 13:45 +33 Bus 7915 Rickling &n der Kirche | 1427 +37 5 o
&% planned RE 21021 Meumiinster 1341 +0 Bus 7913 Rickling &n der Kirche | 1427 +37 ) 1]
a3 planned Bus 7930 Rickling Doppeleiche* 14:16 +1 Bus 7915 Rickling &n der Kirche | 1427 +37 5 1]
& planned Bus 373 Aschhausen(Bad 14:43 +2 Bus 350 Haarenstroth 14:49 +14 2 0
Twizchenshn) Lénskrug
&z planned RE 4423 Bad Iwischenshn 1412 +3 Bus 350 Haarenstroth 14:48 +14 5 o
Azchhauzen(Bad . ‘Westerholtzfelde .
as planned Bus 373 Tavischenshn) Lonskrug? 14:43 +2 Bus 350 EDEMA 14:30 +14 2 1]
& planned RE 4423 Bad Zwischenahn 1412 +8 Bus 350 :‘éﬁih"we“e 14:50 +14 5 ]
&% planned RE 4423 Bad Zwischenshn 1412 +3 Bus 350 ‘Westerholtzfelde 1431 +14 ) 1]
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75

Real Time Archive




Real Time Archive

Date Client (Device ID)

Line Client (Realtime data ID) <All> v
P I an an d aCtu al tri pS Journey ID Joumey Operator (SCHEDULE) <Al v

Degarure (First Stop) (SCHEDULE) | gy potails -

Arrival (Last Stop) (SCHEDULE)

GPS-coordinates
Connections
Operator messages s et

Journeys with expected reports 2 | 8324253 ‘enezia Mestre stazione (Viale Staziong) 22:58 22:53
with reports

w
8]
E
B
(0]
=
7]

2016-10-26 FB M1 (8977108) Venezia Tronchetto (Piazzale People Mover) -> Miinchen ZOB (Hackerbriicke) { Scheduled) Augsburg. e LJ

H I M et e 3 | 8389120 Verona Porta Nuova Stazions (e XX/ Aprie) 00:44 00:34
m eSS ag eS 4 8382084 Bolzano/Bozen Via Ao Adige o2z 0245
ERETEIE) Tarifounkt 82 Brenner Staatsgrenze [Transitstop] | 04:07 0407
6 |791253 Innsbruck Hbf (Veriadestele) 0447 04:37 -~
Deve I 0 p m e nt Of D e I ay Journey ID First Stop (§ |7 | 8181997 Tarifpunkt 85 Kufstein Stastsgrenze [Transit stop] 05:51 05:51
\eneziaTron |8 | 8088317 Minchen ZOB (Hackerbriicke) 07:00
- (Piazzale Pe: —
B u I It- U p wien Hmég-t 1 y .
Wiedner GUr «
Wien Hof (Bu g
Wigdner Girter T

Frankfurt{)Hbf . n Hbf (Busbahnhof J
(Plorzheimer Strafe) el

Prognosis
Trips w/o real-time

Real-Time Messages
matched/unmatched

( i
£ Belluno (Friuti Vi
)
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Real Time Archive — Real-Time data

Plan vs Actual
comparison

Date

Client (Device D)
Line Client (Realtime data 10) <All= v

Journey 1D Journey Operator (SCHEDULE) <Al v

Departurs (First Stop) (SCHEDULE) oy petails v
Arrival (Lest Stop) (SCHEDULE)
2016-10-26 FB M1 (8977108) Venezia Tronchetto (Piazzale People Mover) -> Minchen ZOB (Hackerbriicke) (Scheduled)

Journeys - sarly (Delay <0 m
;:::;Z o:rﬂ’"_'ﬁ =L, No. Stop Number Stop Name Departure Time (SCHEDULE)  Arrival Time (SCHEDULE)  Delay J
Journeys - on fime

1 8385217 ‘lenezia Tronc hetto (Piazzale People Mover) 2235 +2
8324253 ‘enezia Mestre stazione (Viale Stazione)

(Delay
reports

Journeys - delay
Journeys with expe:
Journeys with reports

¥

2253 -4 ,
.

3 8389120 ‘erona Porta Nuova Stazione (P.le XX\ Aprile) 00:34
Journeys with missing reports
4 8389084 Bolzanc/Bozen Via Alto Adige 02:45
s 8181399 Tarifpunkt 82 Brenner Staatsgrenze [Transit stop) 0407 -15
6 791253 Innsbruck Hbf (Verladestelle) 04:37 -8
\Date Line JouneyID FirstStop (¢ 7 | 8181987 Tarifpunkt 85 Kufstein Staatsgrenze [Transit stop] 05:51 05:51 +4 Dl - Delay Delay iMax) Delay (Min} Reports Repor
FB JeneziaTroj |8 | 8088317 Miinchen ZOB (Hackerbriicke) a7.00

1 total.

M1 (Piazzale Pet 2 -15

Wien Hbf (Bu
v ner Giir

_:."-’\sr‘ Hbf (By E

ner Giiney TE T e

1 total.

Wien Hbf (Busbahnhof

Frankfurt(M)Hbf
i r Giirtel)

(Pforzheimer Strafle)

ia T

ronchetto
(Piazzale People Mover)

ner Giirtel)
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Real Time Archive - Delays

,how did the delay

develop over time”

Lyngby St. Lynghby Storcentgr Firskovvej . Sorgenfrigélﬂsve_j Lundtoﬂeﬂéldsw_ej Helsingermotc
(Klampenborgvej) (Klampenborgvej) [Klampenborgvej) (Klampenborgvej) (Klampenbor

10:25:05 +2 +2 +2 +2 +2
10:26:56 +3 +4 +4 +4 +3
10:27:18 +4
10:25:20 +lm +5 +5 +5 +5
10:30:01 +5 R +5
10:30:56 +5
10:31:18 +om
10:32:45 +5 M
10:32:57
10:34:38 .
10:35:03
10:36:18
10:37:35
10:38:19
10:39:38
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Real Time Archive — Operator reports

Operator reports are
also archived
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(7))
(@)
=
=
@
=
(73]

Reports

2016-10-26 8577105 16:00 Minchen ZOB (Hackerbriicke) -= Bolzano/Bozen Via Alto Adige

Disturbance reports

@ New entry <Alt+1>

Timestamp

From

To

2016-10-26 17.17.00
2016-10-26 19:16:00

* Reports in italic font are generated by the system. Please enter a reason to save the report permanently.

Tarifpunkt 85 Kufstein Staatsgrenze
Tarifpunkt 82 Brenner Staatsgrenze

Edit report

Date 2018-10-26 19:16:00 (Arrival (REALTIME) at stop "Tarifpunkt 82 Brenner Staatsgrenze”)
From Tarifpunkt 82 Brenner Staatsgrenze (+23) A
To Tarifpunkt 82 Brenner Staatsgrenze (+23) A
Type Delay v
Reason  Traffic jam T
Creator | System

Editor admin

Save (<Retum>) Cance] (<Esc>)

Tarifpunkt 85 Kufstein Staatsgrenze
Tarifpunkt 82 Brenner Staatsgrenze

9




Real Time Archive — Delay confirmation

=) SBB CFF FFS

© Drucken @ Fenster schliessen

Customers can get

confirmation of delay
based on Real Time
Archive B szrse ovne

Verspatungsbestitigung

Zug S 2 15234, mit der planmassigen Ankunft in Flamatt um 10:08 Unr, ist am 01.11.16 mit 3 Minuten Verspatung
eingetroffen.

Halt Ankunft Verspatung Abfahrt Verspatung Gleis
9 Langnaui.E. 08:07 2
¢ Emmenmatt 0910 0910
¢ signau 09:14 0914 2
¢ Bowil 0916 0916
+ Zaziwil 09:19 09:18 2
¢ Konolfingen 09:25 09:26 3
+ Worb SBB 09:32 09:32
+ Gimligen 09:37 09:37 3
¢ Ostermundigen 09:40 09:40 1
+ Bern Wankdorf 09:43 + & Min 09:43 +7 Min 1
+ Bern 09:48 + 6 Min 09:50 + 6 Min 1AB
+ Bern Europaplatz 09:53 + G Min 08:53 + G Min 3
+ Bern Bimpliz Sid 09:55 +5Min 09:55 + 6 Min 2
+ MNiederwangen 09:57 + 6 Min 09:57 + 6 Min 1
+ Oberwangen 09:59 + 6 Min 09:59 +7 Min 1
+ Thirishaus Station 10:01 +5Min 10:01 +7 Min 1
+ Thérishaus Dorf 10:03 + G Min 10:03 +7 Min 1
+ Flamatt 10:08 + 3 Min 10:08 +5Min 1
+ Flamatt Dorf 10:09 + G Min 10:09 + 6 Min 1
+ Meuenegg 10:11 + 6 Min 10:14 + 3 Min 1
6 Laupen 10:21
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Real Time Archive — Report generator

Create dynamic reports

Stoplist

Automatic g

The following filter values were used:

150
1 : Linenames (internall: 4194 100
C e a.tl O n Operators E| Date: 2018-08-01 to 2018-10-07 .
Time: 00:00 to 2359 5
Imst

Stops with highest delays (Delay arrival)

Minutes

Linenames (external) LLimit “earty': 0 Minutes

Imst Ims Imist Imst Imst
) Limit *delayed: 3 Minutes Terminal Terminal Termninal Terminal Terminal
Linenames (internal) 4194 Respect projected values? yes Post Past Post Past Past
Bus 4154, Bus 4194, Bus 4194, Bus 4194, Bus 4194,
Created by RiederGinter at 2018-10-13 11:50, calculated st 2018-10-13 11:51 2016-09-20 2016-0912 2016-10-02 2016-09-10 2016-09-02
Joumney Ds 12:00 12:00 09:35 09:35 09:35

Date 2016-09-01 77 to 20181007 T n = |
Alday & piemalinename~” Extermal enae <® pae™'  swpidexs’ Sto Arrical (SCHEQULED) Avrival (REALTBE}
Time 0000 to 2350 Bus 4194 Bus 4184 4154101 2016-1007 | 0 el 7o 472354480 10740321 0508
st
Bus 4184 Bus 4134 4z 2018-10-07 1 TE00Z 47231797 110,74237 0508 06:08 0 05:08
Limit "earty’ 0 Minutes Langgasseofer
ﬁ Bus 4184 Bus 4154 2154101 2016-1007 | 2 st Wit 792003 47,227383710,748676 0807 0607 “ 08:07
Limt ‘delayed 3 Minutes Bus $154 Bus 4184 s194101 2016-10-07 | 3 e age | TH004 47.216407 110778147 o510 0612 2 0510
Bus 4184 Bus 4134 4134101 2018-10-07 | 4 Foppen TE2005  47.22101/10814293 0814 0815 “ 0814
Include journeys without realtime -J - Trankhiitte L v 3 3
Respect projected vales? ¥ Bus 4154 Bus 4194 4194100 2016-10-07 | & .‘”""w“‘m THI006 47224039 1 10,822156 3] o0& - 3]
- Otztal Otztaler
Journeys with missing reports Bus 4184 Bus 4134 43410 2016-10-07 | & o TERN0  4T.231662/10,854025 o818 0618 0 o518
Reports: Types <Ab [+] Bus 4154 Bus 4194 4134101 20161007 | 7 0"“,'9";‘"""' 792007 472378831 10,859158 [y e “ ey
Bus 4154 Bus 4184 4134101 2016-10-07 | & s::mmu THZI0 47.231662/ 10854025 0524 0626 2 0524
Visibity Mysett []
Bus 4184 Bus 4134 48410 2018-10-07 | 9 BrunaumOtztal 792010 47,220958. 10850785 027 0628 “ 0527
- Bus 4154 Bus 4194 a15410 2016-10-07 10 Ambach im Otztal | 792011 472162281 10,868574 08:28 0629 -1 06:28
AT m i, Bus 4184 Bus 4134 4134101 2016-10-07 | 11

Sautens Dorf TeIZ 4720829 1 10,86658 053 0631 -0 083
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Real Time Archive

[ FiLTERS Number of entries per page 50 [+]
Date. to Operator <Al Select columns
= Sorting
Jourey D
ll I an ] e & Bxport
Realtime data exist
rl CSV-Export B
[ Journeys - early (Delay < -2 min) Export
[] Journeys - on time
[] Journeys - delayed (Delay > 2 min)
er Or I lI Ce B <Seectprofie- |+
Fitered
. ] AllColums
analysis | e |
[] Journey details (as zip archive E
|oate First Stop Deparure (SCHEDULE) Entry created with trackpoints. Qperstor Realtime data exist DepolCode First Stop Delay Last Stop Delay
R timing points only

2016-11-01 | 08:24 (+00:00) s L ARRVA North East (JE}

.
I t t Output Format

l ' l e E; I e oo 2016-11-01 ] e e

O n g I O ag 2016-11-01 | 08:25 (+00:00) e et Hoadiers L Arriva Midlands (cK) X 3 g 3

2016-11-01 [0 zp archive

or ]

|| to N years wewn | ) amanawmen | = e 2

2016-11-01 2015-11-01

2016-11-01 | 08:23 (+00:00) Arriva Midiands (TD) X ™ “0 “0

2016-11-01  08:18 (+00:00) 09:11:00 091859 &7 % AMD_B4416___  Ariva Midiands (0S) X 0s +0 +4

2016-11-01  08:20 (+00:00) 5;116:1;5['1 ?;115:1;5“1 0% ANE_X16_T___  ARRIVA North East (JE)}

2016-11-01 | 08:15 (:00:00) SRS ErEE 0% ANE_8145501_ | ARRIVA North East (JE} X JE +0 +0

20161101 08 Performance % Hourly Change (All) (All) WK43 Thursday Grand Total 91.9%

2016-11-01 | 08: [ INo of Journeys === Cumulative Journey Fail —===Performance %
100.0% 4000

2016-11-01 | 08

Q1E4LD1 0 357,
95.0% 1 £
/\ -~ "

80.0%

/ 48 \ 2500

80.0%
3303 | 3,203 || 3,283 sas1 | s1s2

3,014 1500

3051 || 2074

V 2,084 / 01 2,099 1000

9 1242

00 o1 02 03 o4 o0s 08 o7 o0z o9 10 11 12 13 14 15 16 7 18 19 20 21 22 23
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Recent developments, pilots &
potential input for the ETA calculation




Pilot - DUSS Navigator

)

30 F .l #97%17:44

<  Statusabfrage

> = Statusabfrage

. - b

I 158 @ Bereitstellung fiir den Kunden -
iDUSS Navigator demo g Hamburg-Billwerder

) Zugnummer 62948
@
P o Geplant: 15.06.2017 17:20 2
REIUEADIR0S Aktuell: 15.06.2017 19:06 %
\ ! G A
ey (W
(O) Alarm %
ALARM AKTIVIEREN %
©® info @
&
ZUFAHRTSPLAN ANZEIGEN &
NS
KARTE ANZEIGEN / NAVIGIEREN S 4
S %
% 75
@ §

%
®
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Pilot- DUSS Backend Webinterface

3 FiLTER AAnzahl Eintrage pro Sete S0 -
Datum 2017-08-15 = bis m Starthatestelle (SOLL) @
CSV-Export -
Linie @ Ziehatestele (SOLL) @
o @ kv [
Apfahrt (Erster Hat) (SOLL} bis.
Ankuntt (Letzter Hatt) (SOLL) bis

[C] Fahrten - verfriht (verspatung < -2 min)
[T Fahrten - punktiich
[T Fahrten - verspéitet (Verspétung > 2 min)

Ll v o]

Q patum Fahrt-D (SOLL) Abfahrt (SOLL) Abfahrt - Differenz (SOLL)  Ankunft Halt Ankunft Halt) - Differenz Differenz (Maximum} Differenz (Minimur

B g RS e oo e 59 s s

2017-06-16 sg;ne (Lj:;f(‘;s"““‘“"wm 1224 ﬁi;:r:i“;:?ngr;en 15:40 35 260 357
Bilwerder

s Ly S g s s ww 5 -

20170815 | T oo Rt ned (A1 g9 Roomnin Bierder Ut | 228

wrss T O g rovouee. L am .

B s o

70615 | T pschen RaT(Hoh (A1 5085 oo Bl ot | 2173

2070615 Lo et Rar nel (A1 g e e uor | 0%

zoeis T Maschen Rof (nof) (AM ., Eingangsgruppe - - . e e
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Display of services in
real-time

= tabular
= grafical

Adjustment of

automatic prognosis
by Terminal Manager

Archive of services,
availability and pick-
up times



http://demo.hafas.de/duss-itcs.war/

TPS Project BFB 7

= Operational timetable management (BFB) NETZE

= Provision of the daily Offline Production Plan for Traffic Management
System (LeiDis/LeiDa today and the new iDIS system in the future)

= Last-minute timetable changes (ad-hoc trains, changes related to possessions, ...)
= Train runtime calculation (conflict detection / with potential conflict resolution)

» |ntegration with the integrated standard operator station (iISBP) of the operational control
centres of DB (BZn), replacement of LeiDa-F

Lgtion
= DB Netz as customer 00 et
©20’\8\’\ﬁor ™ e
= 500 user (1000 expected) Sy\deT“ix\No\»\«s\’\OPO
= Duration 2 years B
» Delivery based on TPS Standard Client

= TPS for large scale VSTP (very short term) planning
= Link between planning (RUT-K) and dispatching
= operational model enhancements (towards timetable automation)
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TPS Online Project ENNE (Finland)

= Enne - forecasting and optimization system for railway traffic Ltk
= |Improved control for the Finish national railway network enne
= Online conflict detection (based on real-time train position reports) s\ltlcl’)a

= Manual, semi-automated, automated conflict resolution

= Finnish Transport Authority (Liikennevirasto) as new customer

= 400 user © 2018 HaC0 mﬂ ner d\smbut -
g‘iﬁ‘ Enne functional areas Fisting/EAEErT

for
. \de \'\0‘ \\j
= Duration 1.5 years > ETAworksnoP

» Development based on TPS Standard Client

= -> New TPS product TPS Online

= Online dispatching of railway operation Row. 1K)

= Significant efforts for integration, operational model
enhancements and algorithms

54 | © 2018 HaCon Ingenieurgesellschaft mbH |



Example: DB Netz (IM) - www.strecken.info

DB Netz - strecken.info .
Baumatnahmen [DB| NETZE

= Graphical
presentation of
construction works
and disruptions for
different time
horizons

eeeeeeeeeeeee

nnnnn

vvvvvv
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Content:

1. Real-time & ETA
History = Future

2. Background information
Overview of relevant systems
and data sources

3. Outlook (medium & long term)



Short/medium term action — Connect proven existing systems

Data sources Data processing Data output

GPS L1 Gps RU/TO

2train systems
Mobile devices ==
— N

. R ¢
IM Systems s >
(Leidis, ...) Central

A
Database \a
RNE TIS -1
Other
Manual Y _ Monitoring
Data Entry i AR Tools

Estimated ' :
Time of Arrival Transport Monitoring

RNE TIS
as neutral
display system

EDI-
interfaces

Kombiverkehr (includes HIM)
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Medium term action — Connect proven existing systems

» Use existing and proven systems which are in productive use at IMs, RUs, 10s,
and other operators (e.g. TrainMonitor, SmartVMS, DDS, HIM, TIS) for:

» data gathering, managing, matching, validation, data washing

= continuous data exchange in true real-time with numerous connected systems

» live message generation, integration, exchange and distribution

= Avoid manual data transfer as it is never real-time, efficient or reliable

» Combine existing operator specific systems like TrainMonitor or SmartVMS
(operator specific layout, functions, archive, processing of IM and other data)
and general monitoring tools like RNE TIS (standard layout and information,
display of provided IM information)
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Medium term action — Data flows with HAFAS Real-Time Hub

= Real-time data exchange

» Standard-Interfaces &
Individual Interfaces

RU/TO /10 systems

Sm artVMS

a a Datacollector

RNE TIS (TAF TS|) Transport
Business Portal

IM systems = Data flow control
¢.g. DB Netz (Leidis) HaCOﬂ Train (selective/multitenant)
Monitoring/

RT Match Server

=1 Train
] Monitor, ...

~ I
m
pr
Other data sources &ATA

Other data
recipients

z.B. GPS (Loks,
Smartphones,...) Real-Time-Archive
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ETA stages of evolution - 7

TODAY LONG-TERM
Determination 1) Forward projection 3) Consideration of planning 5) Control centre IM / real-time
methods 2) Calculation on the basis of decisions ... simulation / taking into
historical data 4) ... Additional influencing factors account RU,TO, 10, ...
« stat. distribution ie. Input/exchange via
« Algorithm * Network- line capacity integration layer (S2R
» Construction sites developments started and
* Weather ongoing)
Point of 1) Arrival station 3) Other relevant points on the way 4) All operation & handling
reference (time of arrival) * Boarder stations points
2) Terminal, Unloading / * Loco change
transhipment point * Driver change
(time of availability) * Deliveries
* Handover (RU)
Data + Timetable data as “TODAY” plus: as “SHORT-TERM” plus:
(Systems, * Actual train tracking data IM Plan-data Terminal « Data Control Center
Stakeholder) (Leidis, RNE TIS,...), + Actual Terminal data,
+ Plan-data Terminal, + Telematics (extended),
« Telematics (GPS, ...)  Others (Partners, Apps, Influencing
factors,...)
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