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IR | Colatonty ond Boadesy Practice in Past Century

= Renewal of networks within decades

- e.g., computation of “European Datum ED50” and “ED79” started
since 1950

CANEMARE

SCHIWERL QSTERREICH

Deutsches Hauptdreiecksnets
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IR | Corerarant v Bondosy Appearance of GPS

* Permanent tracking sites
— establishment of EPN in 1995, global GPS sites since 1990
— new infrastructure goes along with networks - GPS sites, data
centers, analysis centers, central bureau
» Update of station coordinates at every week
— "weekly" is core product today
— "daily" and "hourly" optional for purpose of monitoring

= (Generation of coordinate time series
— StatIOn pOS|t|0n and Velocrty : Modeled Height Annual Period - Station Bad Homburg

— long-term stability, i.e., frame
alignment and jump detection

— tectonic movement
— equipment changes

E
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Lol
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R | e e desy Today Challenges of Reference Frame
Implementation

N
> 15 years archived GPS
data
J
N

Innovation of signal
structure and multi-GNSS

constellation
/

~

toward real-time
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* Model improvements
— model changes provoke inconsistency in product series
— antenna phase center variations for satellite and receiver

— consideration of numerical weather models in troposphere
modeling (mapping function, ray tracing)

— consistent estimation of all relevant parameters (station
coordinates, orbits, clocks, ERPs)

— updated model for station displacements due to ocean tidal

loading
= Global re-processing ﬂ
— terrestrial reference frame _Orbi
_ _ (ITRF2005) '.GSO%rb;ts
— satellite orbits and clocks ITRE2008 IgsUe.atx
(igs05.atx)

— satellite antenna offsets

. : /i ) /
- iterative process V\
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e iy Regional Re-Processing
- EPN Reprol Benchmark Test -

%, 340 0" 20 S S
7 | \
S f_.-'?i“'“‘h——ll - ———--"Tnm .
| = Select a network of 30 sites.
N ,  ®HOFN & . . .
~_ / |
~/[ | \E\___mﬁs = |dentify a set of identical data
. — (GPSWEEK 1381,
./ - . July 2006
\.‘H“"Hi | o fa®iozE OGLSV uty )
e s " Apply the same PCV model.
GUIP OMLW : [ .
coedhige ewas| w  Any reprocessed product is
~— .f’i.._%__ ocaneTLeHiARS » - perm itted.
/ g OVILL g \ .
/ S "“‘“‘"“fhu,eoﬁx,\ - " Use the available software to
LAMP 1
i e your best knowledge.
SN !ani}l? 12:39:45 OI., 2‘0*’
Best case - The results are identical!
Expectation - Differences have to be explained by

»Different strategies, models
*Impact by the software and the operator
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RMS Helmert Transformation
(Benchmark Test)
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e Y soesy Actually Combined Weekly Solutions

LAC Index

Involwved Solutions
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PR | Coer ey o odesy LAC’s Network Size

Number of Stations
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e Y soesy Consistency of LAC Contributions

Coordinate Repeatability Coordinate Repeatability
North East
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ITRF2008 Cumulative:
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Helmert Transformation
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AR | oo sy Planned Re-Processing Actions
- EUREF -

Model update of analysis software

— Analysis Centers using Bernese GPS Software will use version
5.2

— recent version of GIPSY and GAMIT

= Use new re-processed satellite orbits and clocks

— IGS repro 2 if available (based on IGS08 reference frame,
igs08.atx calibration numbers and IERS Convention 2010)

— re-processed CODE orbits alternatively

= Extension by global sites
- 1GS core-network (91 stations) proposed

= Contribution to IGS Tide Gauge Benchmark Monitoring
(TIGA)

— re-processing scheduled for 2012
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IR | o sy New Signals and Multi-GNSS
Constellation

= Add GLONASS, Galileo, COMPASS, QZSS,...

— is a core issue of ICG
- EUREF accepted GLONASS observation in analysis since 2006

= Biases and calibration
— Inter-system
— inter-channel
— inter-frequency
— Workshop of IGS-BCWG in Berne, Switzerland in January 2012

* Format issues
- RINEX 2 vs. 3 (draft 3.02 including QZSS)
- RTCM to RINEX conversion
- RTCM HP Multiple Signal Messages (MSM)
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PR | federa rgency fo sy Multiple Signal Messages (MSM)
- Draft RTCM Standard -

Generate GNSS receiver
observables in a universal manner

MSMs are designed to Message
cover organization for

Universality
for all existing
and future
GNSS signals

No ambiguity Fully GNSS
in deployed transition
interpretation GNSS period

Maximum
compatibility
with RINEX-3
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Code-Plus-Carrier (CPC)

. P A & o
Observable: £ ¢=r——-N+ 2 _ 3
3 4
2 2 4.3 3.f
e code range measurement [m]
o carrier phase measurement [m]
geometrical distance [m]
NOise: ( PC ‘/O' 4+ O' ~ _p A wavelength of carrier signal [m]
2 N: ambiguity term [cycles]

eliminates
ionospheric
delay
L
ultra-low
multipath
h; Reerence
_ | SX5 Workshop held on
half the noise X 18 October 2011
of code range | ® €M level University FAF Munich
= —— Germany
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Cararsungand Beoies Towards Real-Time

- The Concept -

OCIient

@ application
Caster ® BKG's BNC
s connected to program
(GNSS receivers * PPP
G“REpIace data file ®connected to RT « Create RINEX
by data stream processing engine
* connected to
* NTRIP-RTCM users
standard format
&Data * open-data-policy

processing
with short or
no latency
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Local and regional
RTK-Services

e for the most part
commercial

Europe

e EUREF-IP

e Providing real time
observation and products

Solutions of Today

Global PPP approach
e |GS Real Time Pilot Project

e Providing real time satellite
orbits and clocks

e open data policy

EUREF Permanent Tracking Network
Stations belonging to the EUREF-IP nefwork

[€{%p] 2011 Dec 06 12:12:05
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R | Cotoarani ond Beodosy Real-Time Applications
- Examples for BNC-

Broadcast Observations and
Ephemeris ) (¢ ) Ceference Broadcast Ephemeris Serial
Deacoder X g Comrmmication
Individal —— . - SP3 Orbit Files Stations (« ) )| [Desoder
s Ntl'.l.p — = e Nitri . — GNSS
Broadezst ) ——— (¢ Combined P =
f jj——— )| BNC |—— z BNC ;
Corrections ——» Caster Broadeast Caster £ ( e Engine
Cotractions Broadcast
Combined | @© 9 ) Lo Comections | (@ P— TCP/IP/UDP
Broadeast Broadeast Comrmmication
Corrections Cormrections
=
& -
s e e Socket communication: )
5 i ;])) Servar, listaning on post NMEA Coordinates file
ﬂ;“] ;anaz;:itamn;g onpoﬂ. e ) Client, talkingto sarver’s hostand port
ient, talking to server'sho P =
Coordinate
|
RINEX Header Obszervations and BIC Synclronized
Sheleton files R [E— Broadeast Ephemeris Observati ons
St:éflnie — of ) o 3| Real-time
_ Engine
Wtrip T RINEX Naw. e.g. RTIet
Observations and Decod C'aster Bl‘oad.calst Prosy l Ephemenis
Ref . i Broadeast Ephemeris )} Ephemeris ) -
Frence frip RINEX Observations files Broadcast P
. —= i i | 1 .
Stations 4 Caster Y . BNC |~ RINEX Navigationfiles Comections 3 I 3 | Corrections
g Broadcast Clocks & Orbits
£ C omrections BINS SP3 ‘
Socket cormrmrnication Socket ¢ nication l Olfﬁ glgla R;?-ild
W3 e raing ey #) s exver, istening onpant RINEX Clock files . e
) Client, talking to servers host and part ) Client, talking to server's hest and port SP3 Orbit files
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) # BKG Ntrip Client (BNC) Version 2.5 = 12 1%] | (= 4 BKG Ntrip Client' (BNC) Version 2.1 =) (] [x]
File  Help Eile  Help
Z0b ; | RINEX Ephemeris | Broadcast Conections | Feed Engine | Serial Output | Outages | Miscelianzous | PPP (1) |‘ |} [ Proxy | senerat | RINEXObserations | RINEX Ephamenis | BoadcamComectians | FaedEngine | Sseial :Juﬂ{lb
Obs Mountpoint | FFMJ1 ] [rre [+] x | ] v ] z | | Fort Wai forfull epoch
s li
Corm Mountpoint CLE =mriing
Fil Il path] L fwebercbs.
Options @ Use phase obs @ Estimate tropa @ Use GLONASS D Use Galilea 0 G0 G [ nome/mebarchs >
Options contd Sigma XYZ Init Sigma X¥Z Noise :] Quick-Start (sec) [%| PPP PIlat oG iR :]
NMEZ& ] File :] Part Output decoded chservatiors ir a binary farmat to feed a r2altime GNSS natwaik zngine.
Coordinates fram Precise Point Positioning (PPP).
Streams: resource loader/ mountpoint decoder | lat | long | nm!il ntrip | bytes L T LR G LI TR | I | (33 | (ELE | | ""'“l LILE] | L =
1 | products.igs-ip.net2101/CLKI1 RTCM_30 5000 1000 no 1 5.457 kB G| e urmtiz.net 21 01ALORO RTCM_31 4338 35160 na 2 940byels L
] e 2 |wemieuret.io.net:21 01/ALACD RTCM_23 38.34 35952 na 2 3.235 B
2| products.igs-ip.net:2101/RTCM3EPH RTCM_3 5009 868 no 1 40923 kB
1 3 |wemigsip.net2101/ALICO RTCM_21 -2367 13388 na 1 2.957 kB
3 | wewigs-ip.net:2101/FFMJ1 RTCM_3.0 5009 868 no 1 43.802 kB .
- 4 |wewigsip net2101/A0PRD RTCM_30 1835 29325 na 1 1 553 kB
5 |wawigsip net101/GOPED RTCM_23 4981 1479  na 1 7106 kB
& |wewigsip net?101/GRAZS RTCM_30 4707 1548  ns 1 122 B
Log l Throughput Latency FPF Flat
11-02-06 15:05:23 == === Start BNC w25 L e z e
o
11-02-06 15:0 : Get data in RTCM 3.x format 9 | Throughpur stency o
11-02-06 15:05:23 RTCM3EFH: Get data in RTCM 3.x format -~
11-02-06 15:05:23 FFMJ1: Get data in RTCM 3. format 10-04.21 0S:5358 ==== = Start ENC w21 = ===
11-02-06 15:05:24 Configuration read: fhomeiweber.config/BKG/BNC ini, 3 streamis) 10-04-21 025358 ALACO: Get datz in RTZM 2 x fornal
11-02-06 15:07:49 FFMJ1 PPP 15:08:02.013 4053458.795 + 5144 617729872 +. 3834 4869395554 +. 7.167 10-04-21 02:5358 AL3AD: Get datz in RTIM 2.xfornal
11-02-06 15:07:49 FFMJ1 PPP 15:08:03.013 4053457.842 +- 3644 617729655 +. 2711 4869394 988 + 5.068 10-04-21 DE:5ZEB AL CO Get data in RTCM 3. ‘armat
11-02-06 15:07:51 FFMJ1 PPP 15:08:04.0 13 4053458.025 +- 2978 617729469 +- 2211 4869334.913 + 4131 10-04-21 02:53:58A0PRD: Get data in RTCM 3.5 faimat
11-02-06 15:0751 FFMJ1 PPP15:08:05.013 4053458.292+- 2580 617729.491 +- 1912 4869394699 +- 3568 10-04-21 053558 GOPED: Getdam ir RTCM 2.« format
110206 15:07:54 FFMJ1 PPP15:0B:06.013 4053457983 +. 2308  §17729.667 +- 1.707 4869394 554 +. 3180 10-04-21 025358 GRAZS: Get data in RTCM 3.5 foimat
10-04-21 DE:52:69 HERTD: Get data in RTCM 2.x foimat
10-04-21 0E:52E9 HIL1O Get datain RTCM 2.x ‘ormat
Add Stream  Delete Stream  Start  Stop Help ?=Shift+F1 10-04-21 DS:53:59 HLFX0: Get datz in RT GS foma:
10-04-21 02:53:59 HNPTD: Get data in RTCM 3.x faimat
10-04-21 DE:52:69 HCB20: Get data in RTCM 2.x foimat

Add Stezm  [elete Stieam  Stat  Sop Help=SFift+F1

PPP-Mode Feed Engine

e stream of orbit, clock and receiver data e stream synchronization for RT engine

United Nations International Meeting on Applications of GNSS, Vienna, December 2011 21



PR | Coer ey o odesy BNC Performance

Displacements from 24 consecutive hourly realtime PPP restarts, scenario 1 - {c} BKG

2
! ! RHS of héight displacénents
Hean horizontal displacenents
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Hinutes after startup, first fix 15:81:37 111281 UTC
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IR | Crivgranty and Goodesy Real-Time
- Recent Developments -

= Combination of various RT clock solutions and streaming
of combined clock product

= Definition of RTCM HP MSM to support all GNSSs

= Definition of RTCM State Space Representation, e.g.
Troposphere information in real-time

= Ambiguity resolution on zero-difference level, e.g. , for
iInstantaneous PPP solution on the cm-level

» Handling of phase biases

. “cm-level”
Lon.g tgrm e
jective (“RTK-PPP”)
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PR | Feera hgency for sy Access to Reference Frames
- Why fundamental ?

Navigation Solution may not satisfy the
user needs

e broadcasted WGS84 satellite orbit and clocks

applied
%N

Existing demand of “cm “or even “sub-
cm “ accuracy in a specified reference
frame

N

Augmentation of satellite signals is
required and combined with the
question, how to access the reference
frame in a suitable way
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R ‘ e Y soesy Access to Reference Frames
- Fixed Terrestrial Coordinate List -

Reference frame

realized by coordinates = User defines reference frame
of reference markers | during GNSS analysis
— easy to change the selected reference
frame

User selects reference
coordinates, e.g.,
ITRF2008

procedure
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R ‘ e Y soesy Access to Reference Frames
- Fixed satellite Coordinates -

Reference frame realized  RTK

by satellite orbits
- local
= PPP
VT— . - local or global
ser occupies rover _ _
position - real-time or post processing
» Transformation into requested
reference frame

- transformation of satellite orbits
(and clocks) - service provider

- transformation of rover coordinates

| on client site - user

Estimate rover -> Users like this approach to
Eoammae access the RF
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IR | Crivgranty and Goodesy Maintenance of
Regional Reference Frames

* Movement of surface points caused by
plate tectonics, earthquakes, post-glacial uplift, ...

= Coordinate comparison for 5 epochs:
1995.0, 2000.0, 2005.0,2010.0, 2015.0
(ITRF volocities applied)

ITRF2008

=

" e ETRF2000 | < ETRF2000

| .
.
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m ‘ Cortootarim and Beodesy ETRF2000 (1) vs ETRF2000(2)

RMS X TY TZ T North | TEast | T Up
Trans. mm mm mm mm mm | mm
6.4 1.8 2.7 - - - - -

11.2 -

1995

2.7 1.5 1.9 4.0 -5.7 1.0 -8.3 -0.9 2.1 -9.8

4.2 0.8 1.7 7.5 - - - - - -
2000

1.8 0.8 1.1 2.8 -4.1 0.6 -5.3 -0.3 1.4 -6.5

2.5 0.5 1.0 4.5 - - - - - -
2005

1.7 0.5 0.5 2.8 -2.5 0.3 -2.2 0.5 0.7 -3.2

2.4 1.3 1.2 4.0 - - = - = =
2010

2.4 0.9 1.2 3.9 -0.9 -0.1 0.8 1.2 0.0 0.1

4.0 2.3 2.2 6.7 - - - - - -
2015

3.5 1.5 2.1 5.5 0.8 -0.6 3.9 2.0 -0.7 3.4

= Significant translation before and after epoch 2010.0
» Trend for translation in height, minimum at epoch 2010.0
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%Iﬁz‘;‘f;g',a’;%i":xj‘gmesy Maintain “ Static” ETRS89 Coordinates in
Europe, e.g. Official National Coordinates

Repeat and re-define the realization of the national
reference frame

e Define , lifetime“ of coordinates, A. Caporali et al., 2011

Apply local velocities to extrapolate the reference
coordinates to the epoch of observations

* Mostly not accepted by nation mapping agencies

Apply velocity model of the surface area to extrapolate

observed coordinates to the reference epoch

* Determine and provide surface model to the users

United Nations International Meeting on Applications of GNSS, Vienna, December 2011 29



] [ R Perspectives 1/3 - Identification of User
Groups and User Needs

= Conclusions for regional reference frame implementation

— Today’s range of products: Approaches from cm/dm-level in RT
to few mm in long-term

= High-end users
mm — level science global change

» Mass market
satisfied with few cm or even less accurate
GIS applications
may request monitoring of reliability, vulnerability ?

Guide the users to
the correct area!
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R ‘ Carnoaninr o d Geodesy Perspective 2/3 - Earth Observation

- Contrlbutlon of reglonal reference frames to global Earth
monitoring

- IGS Tide Gauge Monitoring (TIGA) and expansion of EPN by
global stations

— Tide gauge time series corrected by GPS

8: GEO/GEOSS, GGOS

|
B4 LT . . TEENENEL T

— Contributions from regional GNSS networks for densification

T

S -
’#_——M

'5‘1‘;:‘“‘"9’
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] [ R Perspective 3/3 - Upgrade the Tracking
Networks to GNSS

Important to foster developments of GNSS applications
IGS M-GEX experiment launched

XXth EUREF Symposium in Gavle, June 2 — 6, 2010,
Resolution No. 3

— “... Encourages members of EUREF to provide the necessary
infrastructure, data and analysis from these new GNSS

~ P .
developments...” )=
e
agin
GNSS DATA CENTER 2.
= CONGO network i Ko
- -]
GNSS/Files > Data Archive > File Browser
Info
EPMNreprol - . — .
EUREF File-Information of ven13410.11d.2 Click on the folder's
BRDC S ) name at the left hand
highrate ion Venezia :
- side and select the
rmail Receicer: LEICA GRX1Z200GGPRO h
nrt file you are interested
abe Antennz: LEIATS04G G NONE m A WindOW Wl”
Dbs_v3 Received: 2011-12-08 00:43.07 i
711 : open, Wh|_ch shom_rs
341 Filename: wen12410.11d4.2 deta”led mformatlon
wenlid10,11d.2 Filepath 2 archive/EUREFfobs w3201 14341/ about the file. Then
34Dven13410.11p.2 —— e you have the
339 Mumber of Observations: possibility to
gg; Maximal Obsarvations: dowmoad the f”e
b directly, add it to your
334 I l' w 3. cart, look into the file
ggg & or show the station
oy details to the station,
330 ifthe selected file is a
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—— COoperative Network for GIOVE Observations

* Global real-time tracking network for GPS and GIOVE signals
« Established in 2009, currently 21 stations
« (O’Higgins added in 2010

Jointly operated by B e, o T
- = i r . 5 N‘.\ F o - .
@ ” N o @l A= Wettzell
C Stanford [ } - NewBrunswick | 2 | Tashiant = -Chofu
bkg La Laguna I : Wuhan [/
B Maui : " :
DLR RO ~ BahirDar I o
_ ' - ..:'Kigalil_l Singapore M .
_ _ Yoglakarta [ -
GFZ g |
Windhoek [ {
p Hartebeesthoek Sydney
. Concepcion Il | L R:
H;L;”?;ifi‘:: cnes 1 ' Dunedin £
1"l O'Higgins _ .
+ |ocal station hosts - o e
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