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System concept OBB

INFRA

Satellite systems

railpower
box

User

Reference stations _0
%

(¢]:]:]

INFRA

Traction unit Greenlight
with antenna Transmission
of raw data via

cellular
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What is Greenlight? OBB

INFRA

= |s a satellite-based localisation system for the rail sector
= features already 1600+ traction units equipped with railpower box
= uses GPS enhanced by proprietary real-time kinematic positioning

= determines precise and reliable location information and transmits it in near real time
accuracy up to 30 cm
transmission every second via cellular networks (2G-LTE)
latency of ~1 second

= enriches received positions with OBB operational and infrastructure information

= visualises processed information in an overview map

= provides position data for third-party systems and data lakes/dumps

OBB-Infrastruktur AG / Bahnsysteme / Digitale Services 30.01.2025 3



Greenlight in pictures — overview map
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Greenlight in pictures — OpenSearch search and observability suite BB
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> 14.01.2025 @ ©7:59:59.232 | HEADER.date: |14.61.2025 @ ©7:59:59.232 |HEADER.clientId: | 4124-801 HEADER.scheduledDate: 20256114 |HEADER.subType: LOCATION HEADER.location: { "lon": 16.35875917, "la
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48.10017617 } |HEADER.locationTimestamp: | 14.91.2025 @ 67:59:58.000 |HEADER.geometryCorrect Key: - |HEADER.geometryCorrected.lon: -

HEADER. ryCorrected. Name:| - |HEADER.geometryCorrected.distance: - |HEADER.geometryCorrected.lat: HEADER.id: | 4,875,326,949,506,768,950
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> 12.01.2025 @ 67:59:58.229 |HEADER.date: |14.81,2025 @ ©7:59:58.229 |HEADER.clientId: | 4124-801 |HEADER.scheduledDate: | 26250114 |HEADER.subType: | LOCATION |HEADER.location:|{ "lon": 16.35388267, "la 120
t": 48.69996533 } |HEADER.locationTimestamp: |14.81.2825 @ ©7:59:57.008 |HEADER.geometryCorrected.snappedSegmentKey: - |HEADER.geometryCorrected.lon:| -
HEADER. ryCorrected. Name:| - HEADER.geometryCorrected.distance: - |HEADER.geometryCorrected.lat: HEADER.id: | 1,556,987 ,985,104,358,787
HEADER. trainNumber: 26023 |HEADER.type: RPB |HEADER.locationCorrected:| - |HEADER.version: 1 BODY.message.gnssLongitude: 16.35888267 | BODY.message.sequenzNummer: | -
BODY.message.bitfehlerrate: | - |BODY.message.modemEinwahlstatusat: | - |BODY.message.utc_nmea_ntrip_in: 197997.9 |BODY.message.geschwindigkeit: | 90.281

> 14.81.2025 @ 87:58:57.225 | HEADER.date: |14.01.2025 @ ©7:59:57.225 |HEADER.clientId: |4124-081 |HEADER.scheduledDate: | 20250114 |HEADER.subType: LOCATION |HEADER.location: { "lon": 16.3590185, "lat

48.099757 } |HEADER.locationTimestamp: | 14.81.2025 @ ©7:59:56.0809 |HEADER.geometryCorrected.snappedSegmentKey: | - |HEADER.geometryCorrected.lon:| -
HEADER. geometryCorrected. Name: - |HEADER tryCorrected.distance: - |HEADER.geometryCorrected.lat:| - |HEADER.id: 7,801,918,784,697,879,633 0
HEADER. trainNumber: 26623 |HEADER.type: RPB |HEADER.locationCorrected:| - |HEADER.versi 1 |BODY.message.gnssLongitude: | 16.3590105 |BODY.message.sequenzNummer: -
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]

BODV.message.bitfehlerrate: | - |BODY.message.modemEinwahlstatusAt: | - |BODY.message.utc_nmea_ntrip_in: 197996.5 |BODY.message.geschwindigkeit: | 89.988
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HEADER.date per 30 seconds
> 14.01.2025 @ ©7:59:56.213 | HEADER.date: |14.81.2025 @ ©7:59:56.213 HEADER.clientId: |4124-801 HEADER.scheduledDate: 20250114 |HEADER.subType: LOCATION |HEADER.location: { "lon": 16.35914233, "la
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Greenlight in pictures — custom-built quality reports

Verteilung der Positionsqualitat
24.4%

67.1%

Analyse der Positionsqualitat
Qualitatsverteilung

-1 0 1 2 3 4
Qualitatskategorien

144.6 Mio.

52.6 Mio.

8.7 Mio. 9.6 Mio.
132,676 10,997 EE—— ——

-1.0 0.0 10 2.0 4.0 5.0
Qualitatskategorien

OBB-Infrastruktur AG / Bahnsysteme / Digitale Services

Verteilung der Positionskorrekturabstande

160.0 Mio.

a1% 7.9 Mia.

23.8 Mie.

y

der Positi rektur
Kerrekturabstandsverteilung

0.0

0.01

0.2 0.4 0.6 0.8 10 12 14
Korrektureffizienz Wert

48.0 Mia7.9 Mio.

28.7 Mio,| 8.8 Mio.
23.8 Mio,
7.6 i, 98 M2 ; o,
[ ] | ]
—

0.01- 0.06- 0.13- 0.32- 0.72- 1.38- 2.29- 4.04- 26.63- Fehl.
006 013 032 072 138 229 4.04 2663 *
iche in Metern i nach

P

0.00
Fehl,

der K in Metern

p1 p& p10 p25 p5 p75 p9 pI5 p99

0000 0011 0063 0131 0324 0717 138 229 404 2663

GBB

INFRA

Anzahl der JSON-Nachrichten  Anzahl der aktiven Triebfahrzeuge
215,596,222 1,439

Perzentile der Latenzdaten in Millisekunden
Min.  p_1 ps p10  p25 p50 p_75 p_s0 p
0.000 272.76 50169 ©593.96 779.08 104456 129314 147993 1
Analyse der Latenzzeit
Latenzzeitverteilung
| .

1000 1200

600 0
Latenzzeiten in Millisekunden

53.5 Mi83.6 Mio.

* . .69 593.96779.08 -1.0k - 1.3k - 1. L6k - 2.
373.76501.69593.96779.08 1.0k L3k 15k L6k 20k *
L hen in nach
Analyse der Fahr
El Stationar (0-3 km/h)  Mobil (>3 kmJh)

2,516 (0.00%) 154,473,228 (7165%) 61,107.825 (28.35%)

30.01.2025 6



Okay, but what does TEPOS mean? OBB

INFRA

= stands for Telematics Real-Time Positioning System

= enables GNSS equipment to be located within centimeters

= contains 32 exact measured OBB reference stations and additional ones from partners
= corrects for common errors in current GNSS - using real-time kinematics

= uses the GNSMART solution from geo++ for network RTK

OBB-Infrastruktur AG / Bahnsysteme / Digitale Services 30.01.2025 7
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How does Greenlight work its magic?

. GPS position without TEPOS corrections
[ J

¢ Position with TEPOS .
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Where is Greenlight already being used? Some examples... OBB

INFRA

Goal: prevention of signal overruns
User: train drivers, dispatchers etc. ﬂ
Principle:  providing user application with positions i

to alert when a stop sign is approached i o

Passenger information Goal: search for last known position

| e User: operational coordinators

— - Principle: locating the last online position
Goal: more precise passengerlnformatlon of the traction units for various
User: passengers, operators and carriers applications such as logistics
Principle: supporting train run forecasts with GPS and emergency coordination

OBB-Infrastruktur AG / Bahnsysteme / Digitale Services 30.01.2025 9



Innovation in action

piloting
T SW Verschub
emerging technology

7} requirements

f the field
A Tom thefie Greenlight

with SIL localisation
(in development)

WarnApp
enabled

R&D-Project

technology
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What does our shunting warning system do? OBB

INFRA

continuous speed monitoring base function
exceeding the speed limit trigger event

alerting the shunting stuff system response

emergency braking driver's reaction

20 km/h

15 km/h

- WARNING ZONES

U anl 3
L ) supervision of:

= pull shunting moves
= push shunting moves with shunting stuff

TN e

OBB-Infrastruktur AG / Bahnsysteme / Digitale Services
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Key features of our system OBB

INFRA

N
r no initiation of automated |
actions |

( . : A
| o change in shunting |

prevention of shul _ _ _ _processes |

signal overruns

calculate
distances to POls

assistance system

high-precision
positioning

sustainable improvement of safety

+ prevention of injuries
+ reduction of accident costs
+ decreasing operational disruptions

push shunting move does not detect signal

acoustic
alarm

& | Shunting stuff gets an acoustic warning

A #]I B 13
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Which system elements are needed to assist our shunting stuff? OBB

INFRA
reference stations

- _m. G:S—Satellites

a

AN

~
~
~
odometry ™,
\
operations . s

management ; .-\“\\ locbox "

\

user
device it

buzzer
Legend: IMU — inertial measurement unit, BL — business logic

N e -
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Thank you.
Contacts:
Istvan Sulyok MSc Ing. Christian Einfalt MSc, MBA
istvan.sulyok@oebb.at christian.einfalt@oebb.at
INFRA - Bahnsysteme . Nl &

Digitale Services - Innovate & Execute SO = BT
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