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Introduction

e Requested in traffic are
e Dbetter use of existing infrastructures
e decreasing of emissions
e increasing safety in traffic
e The most measures in traffic need spatial referenced information,

e.g. navigation, guiding, traffic management and information, fleet
management

o Different traffic applications need different qualities of accuracy and
guaranteed availability

e For alot of positioning applications in the field of traffic local DGNSS
reference stations (in the sense of GALILEO) are needed

e Only widespread spacious compatible solutions would be
successful because of economical reasons
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Global Navigation Satellite Systems

e Navigation Satellite Timing and Ranging -
Global Positioning System (NAVSTAR - GPS)
of the United States of America

e Global naya Navigatsvannaya Sputnikovaya [
Sistema (GLONASS) of the Russian Federation g

e Galileo of the European Union
(complete functionality planned in 2008)
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4 unknowns: {x, y, z, At}

n > 4 observations: {PR,, PR ,, ..., PR}

—>
WGS84

Y

“GNSS-Mobilst

GNSS-Genauigkeit
(mittlerer Punktfehler):

6,=PDOP o,

o, = standard deviation
of pseudo ranges
(Sum of all errors)

PDOP = Position Dilution of
Precision
(Geometry of the
satellite
configuration)

cm-accuracy only achievable
by carrier phase
measurements

systematic error influences!
ation

Gerd Rosenthal, Geodetic Survey, Three-dimensional Geodesy
International EUPOS® Steering Committee Office

Berlin, 12 May 2005 Slide 5



Ministry of Urban Development Met Yo PO I i < . il—l'rm

Division Il Geoinformation, Land Surveying,Valuation

Basic principle of DGNSS by EUPOS ®/SAPOS® etc.

SAPOS®-Referenzstation N

SAPOS®-Mobilstation
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European Terrestrial Reference System 1989 (ETRS89)
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The German SAPOS®

German National Survey
Satellite Positioning Service
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Aims of the German SAPOS®

e Area-wide permanent providing of a uniform homogenous spatial
reference system (European Terrestrial Reference System 1989
[ETRS 89] = official spatial reference system for EU, European-wide
available and part of the world-wide realised International
Terrestrial Reference System 1989 [ITRS 89])

e as a official basis infrastructure
e by modern techniques

e for all tasks of land surveying, cadastre/land registry and land
management as well as

e for precise positioning, navigation and locating
e as a duty of the German surveying authorities.

Gerd Rosenthal, Geodetic Survey, Three-dimensional Geodesy Berlin, 12 May 2005 Slide 9
International EUPOS® Steering Committee Office



Ministry of Urban Development Metro Polis . mrm

Division Il Geoinformation, Land Surveying,Valuation

SAPOS® GNSS correction data and observation data
SAPOS®Service | Availability Media Precision |Frequency| User interface
SAPOS® EPS real-time VHF/RDS, 1-3m 3-55s RTCM 2.0
LW/RDS
real-time VHF2mradio, | 05-2m 1s RTCM 2.0
GSM
SAPOS® HEPS real-time GSM, <2cm 1s RTCM 2.3
VHF 2m radio, RTCM 3.0
incl. networking
SAPOS® GPPS | near real-time Internet <lcm 1s RINEX 2.1
postprocess-

ing
SAPOS® GHPS | postprocess- Internet, <lcm 1s RINEX 2.1

ing

Gerd Rosenthal, Geodetic Survey, Three-dimensional Geodesy Berlin, 12 May 2005 Slide 10

International EUPOS® Steering Committee Office



Ministry of Urban Development
Division IlI

Metropolis @

WL erlin [ Geodesy |

Geoinformation, Land Surveying, Valuation

SAPOS® reference station
framework
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SAPOS® radio transmitters L.
of the German public

6,3 y
. '
03,4 o 983 @

broadcasting stations 3 Soneowi

Mecklenburg-
98,5 Vorpommern

RDS-Gruppe 11 a
L

8,3 g
99,8 Bremen 959

Niedersachsen

®{100,9

103,7 gp,1 98,8 91,8
Sachsen @ ®e

resden

R
SWH 2.
RDS-Gruppe 11 a
Rheinland-Pfalz ®97:7
94,9) @
99,2/ © 983 908 @
91,8 98,6 o
/ 89,3% .f’ﬂand ® 97,9 s
i LN ]
fﬂ_ J_—_.p"———____H SR }@mm z,:;e' 00,8 BR
,.ﬂ-"'-’ / RDS-Gruppe 11 a ® 99,6
_.,_-d"f- RDS-Gruppe 11 a 0976 ®

®g99,5
97,6

Bayern

Zeichenerklarung:

."
German National Survey
/ Satellite Positioning Service o7

® 88,8 UKW-Sender mit
Frequenzangabe

Gerd Rosenthal, Geodetic Survey, Three-dimensional Geodesy Berlin, 12 May 2005 Slide 12
International EUPOS® Steering Committee Office



Ministry of Urban Development <@ .
Division Il Metro PO'IS » GeOdeSY

Geoinformation, Land Surveying, Valuation

SAPOS® VHF 2m radio transmitters P AN

—_ ’
r o~ |
[~ SAPOS®

Niebill L )
\"\-\. |" =
Harnum/BKG Arkona e / Germ dn Na.t I.Dr'l E| SLJ.WE}.:’
Ostsee / Satellite Positioning Service
Fehmarn '
Nordsee Kiel ‘
fisoland Schleswig- £
BKG ege Hoistein Bung erg Rostock :
Mecklenburg- s
ltzehoe Bad Se%aberg Vorpommern (,'\ Ahlbeck
@ q

Cu =
Nerderney Carc:ir:‘e'gsie] Liibec) Dargun

[ T

Giistrow
Borkum Qs

. @
Schwerin Ferdinandsho

&
Waren Ajtentreptow

VHF 2m radio transmitter

Parchim

Neustrelitz
Emden Prenzlau
g © very large
Roten-
ord { 1
men%lrg Hohen- Cannen Gransee SChWF‘g transmltter range
i ol W 5 s i K"r“ZBrande.nbur'g
@ 0 2 ! | .
Cloppenburg Jideshausen ® Hubans: ® Oranien- EBerswalde transmitter range
& Fehrbellin bur
e Suingeg_Schwarmstedt  °'g" ™~ 25 km at least
Fiirstenau Damme: 2] ® ‘e @ rin= @
® Niedersachsen Potsda Berlin rankfun
FIBnIOYES. Braunschweig o I 'Storkow. | (Dder
Hlld_es- @ Helm: Belzig T : \
Rheine Hameln heim walde @Wiinsdorf
d “reden ielefeld ® ®
_ Miinster @Biclefe | €] Lﬁzbén
2 s & Alfeld Halberstadt StaRfurt
S : Dessau Cottbust
® Nordrhein- : @ Claustnal e @ ottbusg
Hamm Lippstadt : ;
Wesel HOL-Boffzen Sachsen- rzberg Finster-
e;e Westfalen ® & Benn' ot Bitterfeld \walde
@ Gottingen ® 1
Essan Lichtenau , @ oyerswerde=y o,
) ® Hagen Amsberg Leinai b‘? ',8”[
'Ezse” ® ® g5 ® @ Oschat Thiendgrf Sachsen R
o Winterlge, ; @ Lébau
5 @ Diisseldorf % Eschwede B merda : e @
@ Gummersbac b Waldheim Dresden
22 L'dhg)ach M ,IhausenErf 4 byrg ® @ !
Qin Siegen Gotha L \ @ g GroRhart- /.
Gl ® o 3 oy Bad Hers;eldn Bad ® o e G Che;mmtz amannsdorf s 1® (ittau

Gerd Rosenthal, Geodetic Survey, Three-dimensional Geodesy

Berlin, 12 May 2005 Slide 13
International EUPOS® Steering Committee Office



Ministry of Urban Development M etropoli s:‘ﬂ mrm

Division Il Geoinformation, Land Surveying,Valuation

Berlin EUPOS®/ SAPOS® reference station system

2m radio 160,29 MHz
TV tower Alexanderplatz

SAPOS® HEPS/EPS-EUPOS® DGNSS/Network Fi
transmitter range ca. 65 km

gBacht™ VHF-FM/RDS 88,8 MHz
23E  transmitter range ca. 45 km

SAPOS®EPS RASANT
E,bb Stadtradio Berlin 88 8 I

reference station Berlin 2
(Berlin-Wittenau)

'm reference station Berlin 1
msipess  (BerlinWilmersdorf)
monitor station A

- v _I'm State calibration robot
vassianising|" for GNSS antennas
i -

ITTRTRTRNTINETNNL.

- 3 SAPOS® GPPS/GHPS-EUPOS® Geodetic TTrTETT T
’y‘-/ - Internet data provision T
4 g www.sapos.de
m reference station Berlin 3
pe-pess  (Berlin-Grinau)

o U‘%‘q;/ —H  www.stadtentwicklung.berlin.de
LR SAPOS® EPS/HEPS-EUPOS® DGNSS/Network RTK

Internet data provision (NTRIP)
fiir GPRS, UMTS, HSCSD, GSM usw.

meonitor station B

p \ reference station Potsdam
V&SN (Potsdam)

SAPOS5® EPS/HEPS-EUPOS® DGNSS/Network R
GSM data provision

European Position Detéfmination System
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EUPOS® - an uniform DGNSS basis infrastructure
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The organisatorial structure of EUPOS® - overview

International EUPOS® Steering Committee
Representatives of all member countries |Office

National EUPOS® Service Centres

EUPOS® provider, if not the same

Authorised EUPOS® resellers
EUPOS® users

Manufacturers of EUPOS® compatible hardware
and software

Resellers of EUPOS® compatible hardware and

software
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EUPOS® technical specifications

e uniform world-wide unlimited usable standards,
guaranteed downward compatibility in cases of further
development

e equal opportunities and investment security for the industry
e GALILEO (duty), NAVSTAR-GPS (option), GLONASS (option)

e strive for guaranteed availability of at least 99 % per annum
e standard medium internet for all sub-services

e optional media radio / broadcast for EUPOS® real-time sub-
services
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EUPOS® - sub-service EUPOS® DGNSS

EUPOS reference station
efc.

EUPOS reference station
EUPOS reference station
EUPOS reference station |\

Internet/GPRS/GSM

RTCM-EU
(RTCM V. 2.0 similar) incl.
SAPOS FKP msg. type 59
compressed, encoded

communication

A] equipment,

GNSS receiver

EUPOS networking station

RTCM-EU Decoding,
(message types [deduct of charge]
20& 21,59 SAPOS FKP) individualisation
compressed, encoded of the correction
data
i VHF 2 m/4 m radio,
EUPOS provider radio/TV broadcast EUPOS user
(additional optional)
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EUPOS® - sub-service EUPOS® Network RTK

EUPOS reference station
etc.

EUPOS reference station

EUPOS reference station o
EUPOS reference station * ' I lv Internet/GPRS/GSM communication
S equipment,
— TJ_-‘-U RTCM-EU M geodetic
. . LL=nE) (message types GNSS receiver
EUPOS networking station / 20& 21,59 SAPOS FKP) Decoding,
=N compressed, encoded ldeduct of charge,.
£z /V individualisation
— f th to
g—- VHF 2 m/4 m radio, g
. radio/TV broadcast
EUPOS provider (additional optional) EUPOS user
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EUPOS® - sub-service EUPOS® Geodetic

EUPOS reference station

etc.
EUPOS reference station Server.
EUPOS reference station user administration
EUPOS reference station |\ deduct of charge Internet
’. ‘b M mobile or

—_ stationary

EUPOS networking station —> =I=p M M GNSS
Lmn g ) postprocessing

Internet/GPRS/GSM FAMpImEDn
EUPOS provider EUPOS user
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| | EUPQOS planning and
Member Countries

'-'®
EUP@S . - Bosnia and Herzegovina

Bulgaria
Czech Republic
- s EStONIA
-2+ .. Hungary

sl o Latvia
| et | 2502 Lithuania
st ER AT = ST Macedonia

e e Poland
e o WEE Romania
G G - Russian Federation

- "\ Serbia and Montenegro
pa s Slovakia
e T - «  Slovenia

® i Berlin, Hamburg (consultative)
Ukraine (strives membership)
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=2

Ce “\

Petropaviovsk
Kamtchatka

\Siid Sachalin [~
N
= e

EUPOS®Geodetic (98 RS)

.| EUPOS®DGNSS, RTK, Geodetic (402 RS)
° EUPOS® networking centers (10)
Viadivostok

- EUPOS® Moscow / Moscow region
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EU INTERREG Il C East

¢ Project of 12 Institutions

¢ from 9 Central and Eastern

. European Countries

" EUPOS — INTERREGIONAL COOPERATION
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The EUPOS® pilot project Moscow —
Partnership of the capitals Berlin and Moscow

Verwaltung fur Senatsverwaltung

Verkehr und _ far
Kommunikation Dispacherstefen : l ; Stadtentwicklung
Moskau | Berlin
1 ®
A~
& SIEMENS
‘.r:;:-;e‘//)

Siemens GmbH
Mobile
Information
Kommunikation

Foderales
Staatliches
Einheitsunter
nehmen
Russisches
Institut far
kosmischen
Geratebau

Navigations
Informationszentrum

Wissenschaftliches AG Mobile Telematiksysteme GIS - Geographische Analytik

Produktionsunternehmen fur Positionierung Informationssysteme GmbH Jena AG
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The EUPOS® pilot projects -
Partnership of the capitals Berlin and Sofia

Sofia Mayor Office

Berlin Mayor Office

Berlin Senate Department for
Urban Development
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Countries
that will support a uniform basis DGNSS infrastructure
for navigation, position determination and locating
are kindly invited to join the EUPOS® initiative
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EUPOS®/SAPOS® applications in the field of traffic
(examples)
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Vehicle Scheduling and Control System of the Berliner
Verkehrsbetriebe BVG

e punctuality, connection quality e flexible change of routes

e dynamic passenger information e safety for passengers, drivers

e influence of traffic lights e reduced costs
Linie Ziel Abfahrt in

e acceleration measurements = Zingster S

S5+U-Bahnhof Alexanderplatz
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State visitors, demonstrations, parades etc.

e Escorting of important state visitors

e flexible changes of routes

e precise traffic steering
In time

e security measurements

Foto: Berliner Polizei
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Management of freight vehicles on large building sites

Kimeleran
ekl

Tufriibdiesrbeivaag dirch REeaos Bawisginil (manil Beolin L

Rhenus Baulogistik GmbH
www.rhenus.de
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EU project Mobility for Blind and Elder People interaction
with Computer

MoBIC

©

L

FH.P/APENMEIER
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Lane-precise Floating Car Data in real time for traffic

steering measurements EUPOS®/SAPOS®
DGNSS transmitter

FIFEFFIRETE
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DODEOPED DODEERA
dijgiginannaarena
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JHEHL 2 \ - T e
b I
”:;::”:H” \Q(\ é’\\‘ dadadididganandaa
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i MALAELRN VIR, >~ \ P | "
”‘ traffic < EUPOS’/SAPOS® reference station
I (,{ fr__.jf%:
management'® m — =N : f
centre. = :
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MOFIS

Hamburg Fire Service
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Meyer Werft Papenburg

Transfer of ocean liners after production at the river Ems into the
deep fair-way of the North Sea

www.meyerwerft.de
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Risk tracking — EU project VIKING

B Nisk. Tracking

Risk Tracking

|07 kil 2 | 000 5 (@ [[rom [rare| woia| | D7

Aarn Admin Hille

Geo. Informationssystem

e®e

0 DAKOSY AG

Geoinformation
Vermessung
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Dynamic passenger information system and precise
positioning and navigation

l. al

Hafen-Dampfschifffahrt-
Aktiengesellschaft
Hamburg
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Dynamic passenger information system and precise
positioning and navigation

Special missions, e. g.
e rescue helicopters (tested)
e safeqguarding tasks (tested)

e measurements for radio/TV
broadcast supply (field strength)

Precise starting and landing
(tested)

photo: www kreuzfahrt-reisen.de
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Dynamic surveying of roadway — inclusion of traffic
relevant data (e. g. road signs, possibilities to turn)
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Conclusions

e The use of GNSS and DGNSS technologies is essential for
economic and efficient position determination solutions

e [t was reported about the ground-based uniform
multifunctional DGNSS infrastructure EUPQOS arising in Central
and Eastern Europe, that fulfils also many demands of traffic

e Examples of applications and for the benefits were reported
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Thank you very
much for your

attention!

Foto: Hirsch/Kldber
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