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Geodetic observatory Pecnȇ,  
Research Institute of Geodesy, Topography and Cartography 

 
January 24, 2012 

GO tŜŎƴȇ 

GNSS re -processing results at 

GOP and the latest updates of  

ITRS/ETRS 
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outline  

·Introduction into reference systems/frames 

·GOP repro1 
·daily/weekly raw time-series generated 

·multi-year combination 

·Application of GOP repro1 results 
·testing  last EPN ITRF2005-based cumulative solutions 

·testing ITRF2008 discontinuities for subset of stations 

·GOP repro1+ - extended solution to all EPN stations 
·first results full EPN repro1 at GOP (IGS05 and IGS08-based solution) 

·evaluation of new ITRF2008 and its densification in Europe 

·New ITRF2008 and its European densification 

·Summary 
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ITRS ð International  Terrestrial Reference  System  

· is a geocentric system co-ǊƻǘŀǘƛƴƎ ǿƛǘƘ ǘƘŜ 9ŀǊǘƘΩǎ ŘƛǳǊƴŀƭ Ƴƻǘƛƻƴ ƛƴ ǎǇŀŎŜ 

· the center of mass is defined for the whole Earth, including oceans and 
atmosphere 

· the unit of length is an SI meter 

· the scale (the scale of the spatial coordinates) is consistent with the TCG 
(Geocentric Coordinate Time) 

· its orientation was initially given by the BIH orientation at 1984.0 

· the time evolution of the orientation is ensured by using a no-net-rotation 
condition with regards to horizontal tectonic motions over the whole Earth 

 

· precise definition - see the IERS Conventions (2010), especially Chapter 4 

· the ITRS is realized by estimating the coordinates and velocities of a set of 
stations observed by VLBI, LLR, GPS, SLR, and DORIS 

· such ITRS realization is called International Terrestrial Reference Frame 
(ITRF)  
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ITRF ð International  Terrestrial Reference Frame  

· a set of physical points with defined 3D cartesian coordinates 

· this both above realize the ideal reference system (ITRS) 

· the tracking network equipped with the instruments of all techniques 
(especially GNSS) is evolving and the period of data available increases 
with time, the ITRF is constantly being updated 

· 12 realizations of the ITRS were set up from 1988. The latest is the 
ITRF2008 (adopted in 2010, but IGS switch at GPS week 1632) 

· more at http://itrf.ensg.ign.fr  

ITRF contains: 

· cartesian station coordinates and velocities (variance/covariance 
matrix) 

· site catalogue, local ties,  

· DOMES identification numbers & discontinuity list 

· Existing realizations:  ITRF89, ITRF90, ITRF91, ITRF92, ITRF93, ITRF94, 
ITRF95, ITRF96, ITRF97, ITRF2000, ITRF2005, ITRF2008 
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Original reference system realization cycle  

regional GNSS observ.  

2 years from  
last observations  

data processed on a routine basis (weekly/monthly delays)  

GNSS,VLBI, SLR, DORIS observations  

IERS technique -specific multi -year solutions  

IERS multi - technique combination Ą ITRFyy  

Regional ITRFyy densification  

End-users utilization: scientific campaigns, 
national densifications, etcé 

IGS GNSS combination Ą IGSyy Ą orbits (SP3)  
New GNSS data ?  

Switch GNSS orbits products, new PCV,  
Orbits in new reference frame Ą discontinuity  

IERS  
ITRF yy  

GNSS 
model  

IGS orbits 
(IGS yy ~ITRF yy )  

EUREF (ETRF yy )  
ITRF yy regional 
densification  

GNSS 
model  
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New RF cycle ð with re -processing  

regional GNSS observ.  

2 years from  
last observations  

Since GNSS model change continuously processed  

GNSS,VLBI, SLR, DORIS observations  

IERS technique -specific multi -year solutions  

IERS multi - technique combination Ą ITRFyy  

Regional ITRFyy densification  

End-users utilization: scientific campaigns, 
national densifications, etcé 

IGS GNSS combination Ą IGSyy Ą orbits (SP 3)  
New GNSS data ?  

Switch GNSS orbits products, new PCV,  
Orbits in new reference frame Ą discontinuity  

Re-processed  

Advanced 
GNSS model  

IERS ITRF yy  
(TRS linear trends)  

GNSS 
model  

IGS yy  ~ ITRF yy  
(TRS linear trend)  

ITRF yy  regional 

densification  
(TRS linear trends)  

GNSS 
model  

IGS orbits ( IGS yy )  
(TRS variable in time)  

GNSS 
model  
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IGS-Repro1 and IGS08 realization of  ITRF2008  

· IGS Repro1 ς the first homogeneous GNSS data processing product 

(Modelling: IGS05 APCV, ITRF2005, IERS2003 conventions, additional sites, atmosphere,...) 

1. Re-ǇǊƻŎŜǎǎŜŘ LD{ !/ǎΩ ǎƻƭǳǘƛƻƴǎ όмффп-2007) -> daily, weekly solutions 

2. wƻǳǘƛƴŜ LD{ !/Ωǎ ǎƻƭǳǘƛƻƴǎ όнллу-...) -> daily, weekly, based on Repro1 strategies 

3. IGS daily/weekly combination 

4. IGS multi-year solution as  the contribution to ITRF2008 

5. IGS Repro1 orbit & clock combinations (use of IGS05 ~ ITRF2005 RF) 

6. IGS Repro1 tropospheric product estimation (use of IGS05 ~ ITRF2005 RF) 

· мм !/Ωǎ ŀƴŀƭȅǎƛǎ ŎŜƴǘǊŜǎ ŎƻƴǘǊƛōǳǘŜŘ όƛƴŎƭǳŘƛƴƎ ¢LD! ǎǘŀǘƛƻƴǎύ 

· More details: http://acc.igs.org/reprocess.html  

· ITRF2008 is based on GNSS repro-1 solution (and VLBI,SLR,DORIS) with    
total IGS solution period containing years 1997 - 2009.5 

· IGS08 ς derived back from ITRF2008 as RF densification to provide more 
stations and thus more robust RF for the IGS core products and, additionally, 
derived applying site-specific corrections for a new APCV model (I08!) 

· Since GPS week 1632, new ITRF2008/IGS08 and IGS08 PCV files were applied 
in standard IGS/EUREF daily and weekly processing 

 

http://acc.igs.org/reprocess.html
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GOP Repro1:  

 
GPS re -processing on daily and weekly basis  

long -term combination  
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ITRF2005/2008 densifications in Europe  

E
P

N
 c

u
m

u
la

tiv
e

 
R

e
-p

ro
c
e
s
s
in

g
 

 
Full  EPN  
weekly  

combi nation  
 

7 days  
 

CRD(SNX)  
 

ETRFyy 
+  

EPN cumulative  
solutions  

 
CRD+VEL(SNX)  

ETRFyy 

CRD(SNX)  

(sub -networks)  

Daily and  
weekly  
Repro 1 

solutions  
 

 LAC1  
LAC2 

..  
GOP  

Full EPN  
Repro1 weekly   

solution  
(0836 -1538)  

 
Full EPN  

Weekly solution  
(1538 -1632)  

 
CRD(SNX)  

ETRFyy 
+  

cummulative  
solutions  

 
CRD+VEL(SNX)  

Combination of 
NEQ and 
discontinuities 
definition  

Analytic centres  EPN AC  EPNC  Users  

ITRFyy 

Combination of 
NEQ and 
discontinuities 
definition  

Daily and  
weekly  

continuous  
solutions  

 
 LAC1  
LAC2 

..  
GOP  

CRD(SNX)  

campaigns  
é.. 

 BKG   SGO  
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10  

GOP re -processing (1996 -2010)  

· Consistent  up-to-
date models 
applied  
 

· A long-term 
homogeneous 
solution 
 

· Coordinate time-
series for 
geodynamics and 
reference frame 
 

· Troposphere 
parameters time-
series for climate 
studies 
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11  

Some characteristics  
· 1st, 2nd and 3rd iterative solution ς enhancing processing strategy 

· Specific problems causing crash in GOP-repro1 has been solved: 
Ɓ мфффΥнсс Χ   Ҕрл҈ ƻōǎŜǊǾŀǘƛƻƴǎ ǊŜƳƻǾŜŘ -> irrelevant drift in IG1 clocks  

Ɓ нллпΥмлм Χ w·h.о ǎŜǘǳǇ ǿŀǾŜƭŜƴƎǘƘ ŦŀŎǘƻǊ нκм ŦƻǊ DмлΣ ōǳǘ ŎǊŀǎƘŜŘ ƛƴ a!¦twt ŦƻǊ ǎǘŀǘƛƻƴ Dw!½ 
(RINEX file corrected) 

· Processed required benchmark data set processed (year 2006) 

· Preliminary tested a capability of processing full EPN network 

· Ambiguity solution using QIF strategy: 
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12  

GOP raw coordinate time -series  
plot of daily-based independent solutions applying single RF 

post - seismic movement  post - glacial uplift  

non - European litosphere  desk  

ice/snow problem ?  antenna changes  

poor data qual.  
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13  

GOP Repro1 - combination  

 

·15-year solution based on weekly solutions 

·implicitly  coordinates parameters in NEQs (other parameters 
pre-eliminated) 

·Setup the estimation of coordinates and velocities 

·NNT minimum constraint solution for CRD+VEL of all common 
stations [w.r.t . ITRF2005] 

·1st combination Ą roughly check residuals, bad data periods 

·2nd combination Ądefine discontinuities in CRD+VEL 

·3rd combination Ą select best set of fiducial stations 

·finally 17 fiducial stations for NNT CRD+VEL datum definition 

·Results: coordinate and velocity estimates (with given time 
periods) + discontinuity table + data exclusion tables + 
residual coordinate time series + residuals on fiducial stations 
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14  

Combination process - results  

horizontal repeatability 1 - 2 mm  

vertical repeatability 4 - 6 mm  
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15  

Residual velocity field ( w.r.t . ITRF2005)  

horizontal and vertical velocities 
w.r.t . ITRF2005 [mm/year]  

post - glacial uplift  

post - seismic  

litospheric  movement  
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16  

NEU residuals on fiducial  stations  

Helmert tranformation - 3 translations  [mm]    (17 stations) 
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17  

GOP Repro1  
application of  the results:  

 

 

 
testing datum of  EPN cumulative solution  

checking discontinuity tables  
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18  

Motivation  

 

·EUREF Serbia 2010 campaign  (EUREF TWG Lisbon) 
Åsmall N-S tilt  observed 

Åmedium network at the SE Europe only 

ÅĄ check the datum of EPN cummulative solution (EPNC) 

 

·EUREF IE/UK 2009 campaign 
Å significant N-S tilt observed 

Ålarge network extent 

 

·EUREF Czech 2009 campaign 
Åinsignificant N-S tilt 

Ålarge network, but data from 2004-2008 processed 

February 3 -4, 2011  EUREF TWG Padua  
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19  

Testing RF datum definition in Europe  

· Observed N-S tilt between recent EUREF AC weekly combinations              
(or EUREF campaigns) and the EPN cumulative solution combination 

· GOP repro-м ǇǊƻǾƛŘŜǎ ŀ ΨƘƻƳƻƎŜƴŜƻǳǎΩ ǿŜŜƪƭȅ ǊŜǎǳƭǘǎ ǘƻ ƭƻƻƪ ƛƴǘƻ ƘƛǎǘƻǊȅ 

 Comparing weekly coordinates  

 and coordinates and velocities  

 from the EPN cumulative solution 

 (EPNC1600) and EPN week 1600 sol. 

 

· Helmert transformations: 
Ɓ NEU / XYZ  (on a weekly basis) 

Ɓ 3-TRA  

Ɓ 3-TRA + 3-ROT + 1-SCL 

 

· Datum definition assessed by: 
Ɓ All common stations set as fiducial 

Ɓ LǘŜǊŀǘƛǾŜƭȅ ǎŜƭŜŎǘ ǘƘŜ ΨŎƻƴǎƛǎǘŜƴǘΩ ǎŜǘ 

Ɓ Solution numbers per sites applied 

 


