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= Services under development
= Active services

= Backbone of services

= Reference Networks
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AR | Caroaraphy and Geodosy EUREF Real-Time Analysis
- Satellite Clock and Orbit Corrections -

= Based on active service of real-time transmission of
tracking data

= Real-time estimation and dissemination of GNSS clocks
and orbits

» For regional or global high-precision satellite positioning
services

= Real-time clock and orbit corrections w.r.t. broadcast
ephemerides of GPS and GLONASS satellites

» Software components:
— BNC, an NTRIP Client for stream retrieval and decoding,

— RTNet, a real-time GNSS processing engine by GPS Solutions
Inc. for satellite clock and orbit determination,

— BNS, an NTRIP Server for stream encoding and upload
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AR | Caroaraphy and Geodosy EUREF Real-Time Analysis
- Satellite Clock and Orbit Corrections -

Flow Chart - BKG Ntrip State Space Server (BNS), Version 1.1, January 2009

Observations and BNC Synchronized

Broadcast Ephemeris Observations
Reference Decoder Real-time
Stations .
Engine
Ntrip RINEX Nav. e.g. RTNet
CaS ter Broadcas.t Proxy Ephemerls
Ephemeris
Broadcast <(( )))> ~ ) Orbit/Clock
Corrections ))» < ) Encoder h Corrections
Broadcast Clocks & Orbits
Corrections BNS SP3 T
Socket communication: l IG.S Ultra Rap?d
o Orbit & Clock files
’))) Server, listening on port RINEX Clock files
) Client, talking to server‘s host and port SP3 Orbit files
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e e sodesy Ultra Rapid Orbits and RTNet Clocks
- Recommended for now-

Ultra Rapid Orbit Station Network, April 2010

e 20, 0% \
* g
i

Ultra Rapid Orbit of CODE (GPS+GLONASS)

(Center for Orbit Determination in Europe)

24h estimated + 24h predicted = 48h

Interval: 15 Min.

Updatein 12h  (Note: 6 h for IGS
Ultra-Rapid)

Clock Corrections from RTNET (CLK11)

CLK11 = GPS + GLONASS > 50 Stations in RTNet Real-Time Analysis
RTCM Messages: 1059,1060, 1065,1066 y vl

Orbits: CODE Ultra Rapid T T
Reference Frame: ITRF2005 (GPS Time) ' SR Y
Processing Center: BKG / RTNet + BNS L e &
Interval:10 Sec. g . W/- .

»consistent orbit + clock data stream
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o ey % EUREF Real-Time Analysis
- Clock and Orbit User -

% Cartography and Geodesy

BKG Ntrip Client (BNC) Flow Chart

Version 2.0 February 2009

EINEX Header
Skeleton file

Obgzervations and

Broadcast Ephemeris
Reference : N | Decoder RINEX Observations file
Stations - ((« & > RINEX Navigation file
Ntrip 2 e
2 -
(Caster =
Broadcast | A NMEA Coordinates file
: ) —— (i ) s FPE — > ;
Correctiong -~ b " ) Broadcast Corrections file
Broadcast —
Corrections
TCP/IP/UDP Serial
Commumnication Commumcation
Socket communication: =
5))) Server, listening on potrt GNSS
Receiver

) Client, talking to server’s host and port
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AR | Caroaraphy and Geodosy EUREF Real-Time Analysis
- Precise Point Positioning -

= Evaluate the PPP accuracy reachable in real-time

» Real-time decimeter-level satellite positioning everywhere
on the European continent when using a dual frequency
GNSS receiver

= BKG Ntrip Client (BNC) =
software development

Displocements for CONZ, Realtime PPP, 24h Sliding Window, Scenario 5
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R | Lot gency o sy Example: Post-Processed PPP, RTNet
- 1 Hz Data and IGS Final Orbit -

Pillar after the earthquake

N

CONZ PPP (GPS only)
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# BKG Mtrip Client (BNC) Versian 2.1
Cie e
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w ‘ o e odesy Standardization Requirement

EMRTCM

The Radic Technical Commission for Maritime Services

» EUREF supports the standardization under development
in State Space Working Group of RTCM SC-104
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AR | Cortoarashy and Seodesy EUREF Re-Processing
- A New Service -

= : : _ * Improved analysis models
Website http://epn repro.pgk.badw.de/  Corsistont soltion

EPN Working Group on

@ Reprocessing

Home 1.5.2009 27-30.5.2009 1.9.2009 1.11.2009
Action

Working Group

Documents

Y

Establish
Contact working group

Links Working Group: outlines problems, compares strategies, software and products,
develops recommendations for the pilot processing.

Impressum

Setup of Reprocessing
Capabilities at the LACs

Pilot Processing:
2006

Data centers synchronize data: Edit Headers ?

C. Volksen, 2009
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AR | Coragroshy and Goocesy EUREF Re-Processing
- A New Service -

= Wiki: Project development platform

page dizcussion wiew SOurce history

@ Network

Network distribution:

2 Login

It is @ goal to arrange a distributed processing of the entire EPMN. Therefore at the minirmurm three LACs shall be appointed to process each site. A redistribution
of sites will be necessary, since not all LACs will contribute in the same extent as they do in the weekly analysis of the EPN. Therefore each LAC shall
navigation compile a list of sites that it intends to reprocess. That will be the basis for redistribution of the sites to other LACs. There 13 the option to include additional
= Main Page global sites into the EPM reprocessing for purpose of datum definition. The appointment of such global sites to individual LACs needs to be discussed.
= Community portal

= Current events
= Recent changes The following figure shows the occurence of each site in the different networks analysed by the LACs. Apparently it is necessary to distribute still a number of

= Random page sites, which are shown in dark red, orange and purple. Oviously a nurnber sites frorm the norther part of the network need to be assigned to different LACs.
= Help

concept
= Mizsion
= Future

= Working Group

analysis

® Pletweark

= [Data

= Antenna Calibration
= Troposphere

= Combination

® Orhits+ERP

= FResutts

.

local analysis centers
= A5
= BEK
= DED
GOP
IGE
1G]
LPT
RUT
MG
OLG
ROB
SG0
SUT

i)

o v
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IR | o e odesy Data Access
- Active Service -

' Permanent GNSS Stations

4o,

»

Data Centres

orange: stations delivering hourly data
red: stations delivering daily data

green: stations delivering real-time data
http://www.epncb.oma.be
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% Federal Agency for
Cartography and Geodesy

5.0

Data Analysis
- Active Service -

BMS of Helmert Transformation

17 Sub-Networks
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Federal Agency for

Cartography and Geodesy

Chisinau, Republic of Moldova (IGEO)

Station Coordinates and Velocities
- Active Service -

1. POSITIONS/VELOCITIES PUBLISHED BY EUREF

EUREF has classified IGEC_15101M001 {Chisinau, Republic of Moldova) as a class A station which means that it can used as fiducial station for

EUREF densifications.

Latest release

EPM_A_ETRFZOO0O0_C1570,55C - EPN_A_ITRFZ00E5 _C1570,.55C (March 23, 2010}

ETRFZ000

epoch tg

Position {m)

Velacity {rndfy)

b e Z Wi Wy Wz
21772007 - 04442010 | 00172005 | 3814975.640 £ 0,001 2101074,955 £ 0,000 4644143,786 £ 0,001 0.0002 £ 00002 | -0.0009 £ 0.0001 | -0.0001 + 0.0002
& Paosition {m) Velocity (mfy)
ITRF2005 epoch tg
b e Z Wi Wy Wz
21772007 - D44/2010 | 00172005 | 3814975.278 + 0.001 2101075.166 £ 0.000 4644143.977 £ 0.001 -0.0190 £ 0.0002 | 0.0153 £ 0.0001 0.0096 £ 0.0002

Click HERE to see a plot of how the station positions between successive cumulative solutions agree with eachother.

+ Prewvious releases

2. POSITIONS/VELOCITIES PUBLISHED BY THE IERS

IERS has not yet released coordinates for IGED_15101M001 (Chisinau, Republic of Moldowval,

3. POSTITION PUBLISHED WEEKLY IN THE EPN COMBINED SOLUTION

15505

epoch tg

Pasition (m)

Velocity (mfy)

=

T

=

Wy

Wy

Wz

066/2010 - 07242010

06%/2010

3814975.177 £ 0.000

2101075.241 £ 0.000

4644144 017 £ 0.000

A

K

e
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R ‘ Cartagrapiy and Gendesy Time Series Analysis
- Active Service -

Amplitude and phase lag of annual signal
(global effects not visible in regional network ?)

U-component

The length of the sticks corresponds to the amplitude and the direction to the phase lag
Workshop on the Applications of GNSS, Chisinau, Moldova, 17 — 21 May 2010 16



e

Cartomrapy aod Becdesy Coordinate Transformation
- Active Service -

= “Global to Regional” Online Transformation @ EPN-CB

ETRS89/ITRS TRANSFORMATION

The following tool allows to transform coordinates {position and velocity) from any ETRFxx to any ITRFyy (or ITRFyy to ETRFxx). In case input and
output coordinates are requested at different epochs, then site velocities are mandatory.

— Input
Frame : [ITRF2008 v|

Format: [ ‘YearhantyDay. v hiht-DD ]

Epoch :  [2010-05-17 |

# Example with velocity - StationName (no space character) Z[m] ¥[m] Z[wm] VI[rw/vyr] V¥[m/yr] VI[n/yr] :
IGEC_15101M001 3814975.1755 2101075.2432 4643144.0204 —-0.0177 0.0166 0.0071

— Output
Frame : |ETRF2000 v

Epoch @ |2010-05-17 |

[IsE0_15101M001 3514575, 6404 2101074.9450 4544143.7776 0.0015 0.0004 -0.0026

Reference http://etrs89.ensg.ign.fr/memo-V7.pdf

O show intermediate steps

Transtarm
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IR | o e odesy Coordinate Transformation
- Active Service -

= “Regional to National” Online Transformation @ CRS
CRSEuU Coordinate Reference Systems

rence Systems
in Europe

in Europe

Home
e » Home
CRE Overview Information and Service System for European Coordinate Reference Systems

CRS Description eference Systems (CRS) of European Countries

This Information and Service System for European Coordinate Reference Systems was established to support the
Referances users of spatial information in Europa.

Links E 3 2
It is a common project of: Systems

ropean CRS (ETRSEZ / EVREZ000)

Service
il Bundesamt fiir for position from national CRS of a country to pan-European CRS
& Sitermap Kartographie und Geodésie se5
Ney
‘ Cantact . i ) ) )
G Imprint EurnGengraphics as the central-hub  EUREF (European Reference Frame) try in the list or click on the corresponding red dot in the map
CR! for Eurnpe’s Geographic Information  as Sub-Comrission of 1aG's
= ) i . =R Latvia
I national CRS DE-DHDN {North).to ETRS89 * - Lithuania
pan-European CRS Luxembourg
references Macedonia
Links Malta

i = Metherlands
GK_3 [m] ETRS-TM xx [m] Marthern Ireland

® f Hochwert | Morth | i 2 _:\ \ il Tr Haray
Service = e —— ; : : ¥ |
¥ f Rechtswert East | . Y = Poland
<8 sitemap ellip. height ,—| ellip. height : et _ . N 5 Portugal
Contact - i -

; ; Romania
Ul ellipsoidal coordinates [DMS / m] ellipsoidal coordinates [DMS / m] Russia

Latitude [ g4 i mm | sssse | Latitude :[T T ) : . o ol Slovak Republic
Longitude [ dd I e Longitude I - e 7 Sloveria
ellip. height [ RRkkRRR ellip. height F —— = Spain

Longitude wrk Greenwich and positive to East Longitude wrt Gresnwich and positive to East . s e e Sweden
Switzerland
cartesian coordinates [m] cartesian coordinates [m] Turkey
Ukraine
# to the top

http://www.crs-geo.eu
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Federal Agency for
Cartography and Geodesy

@ EUREF Permanent Network s

EUREFHOME

ORGANISATION T, H ik DAaTA & FRODUCTS
Sructurs

delings

EPH CEHOME

STRUCTURE

eneral Managment:
EUREF Technical Working Group

o

Exgcutive Man
EPN Coordination Group

—
CENTRAL BUREAU “‘—\\

Network Coordinator

hu ) °

vice  Duality Conirol

The ETRSS89 is maintained thanks to the creation of a
European permanent GPS station network, known as the
EUREF permanent network [EPN).

This permanent network consists of part of the GHSS
perrnanent tracking stations distributed ouer almost all
European countries, The EPN consists of the following
components:

Tracking Stations (TS): They s=t up and operate the
permanent GNSS tracking receivers and antennas on
suitable geodetic markers,

Dperational Centres (0C): They perform dats validation,
conwersion of raw data to Receiver Independent Exchange
Format (RIMEX), data compression, and data upload to 2
data centre through the Internet. For some sites the OC is
identical with the institution responsible for the respactive
zite [i.2., the OC is identical with the TS).

Local Data Centres (LDC): They receive the data of all
stations of a local network and distribute them to the
users (local and EPM), ©ne or more of these stations are
part of the EPN network, Far many of the local netwarks
the LGS will be identical with their Gperational Centre.

/ DATA CENTRES
Data Flow Coordinatar

USERS
ehiving Dt Acces Scientific, commercial, EPECIAL PROJECTS

47 =i . governemental ‘ Chairs
— (a3

I i

mm GNSS PERMANENT TRACKING STATIONS m ‘

Local lysis Centres (LAC): They process a subnetwork
of EPM stations and deliver weekly free network solutions
to the Combination Centre. All processing iz done
following specific international guidelines, The
zubnetworks have bean designed in such a way that aach
station has minimally three analysiz centres. Thanks to
this redundancy erors can be eliminated without any
problerns. This solution iz awvailable in the SINEX format
(Software Indepandant Exchange farmat),

A Combination Centre (CC): It carmnbines the individual
subnetwork  solutions inte ene official ERN  salution
including all tracking stations. This selution is send to the
1G5 where it is integrated in the global GNSS netwark,
Once & year & multi-vear EUREF salution is sent to the
IERS, with as direct result that the EUREF stations become
primary [TRS stations,

A Central Bureau, which coordinates the activities of the
tracking stations, data centres and analysis centres, It
distributes standards and guidelines, It rnaintains the
histary infarmmation of all tracking stations, checks the
individual coordinate time series and notifies the EUREF
user community when a station does not fulfil the
standards or when iragular behaviour is detectad thraugh

@ http://www.epncb.oma.be/

EPN Central Bureau
- The “triple-M” -

anagement

aintenance

onitoring
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% Federal Agency for Reference Networks

Cartography and Geodesy

= EUREF Technical Working Group (general management
responsibility) established the

Working Group on Future Development of ETRS89

— dedicated to the ETRS89 future development, realization and its
target users
, €.9., measured “time evolution” of network vs. user requested
“stability”
= Linkage and densification of new global reference
networks, e.g., upcoming ITRF2008, to Europe
— transform to ETRS89, thus fixed to the European tectonic plate
— fill the gap in between two successive ITRF realizations

» Access to European reference network in real-time
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% Federal Agency for Futu re

Cartography and Geodesy

» EUREF provides the reference frame for Europe through
operating various services
— real-time
— long-term scale (decades)

= EUREF is a sub-commission if IAG and supports IAG
services (IGS, GGOS, ...)

= Considering user needs
— national mapping agencies
— others (feedback welcome)

)
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