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Présentateur
Commentaires de présentation
The IGS reprocessing is the most exciting new activity to me since the introduction of the ultra-rapid orbits 10 years ago.
It is an activity that has proceeded with ups and downs motivated and directed by the Acs to satisfy a clear need of the IGS.
Reprocessing was proposed an executed years ago by P. Steigenberger and M Rothacher… at TU München /TU Dresden using Bernese …(JGR 2006)
But why shall we undertake this effort as we also maintain and improve the current day-to-day AC operations
I shall try to present to you the problem we are trying to solve, the overall benefits of the reprocessing and the ESA/ESOC approach, 



2

The IGS … 
… helping to better understand our world.

Présentateur
Commentaires de présentation
It is at events like this that one better understand the amazing thing that is the IGS and how relevant it is to understand many of Earth’s processes ; glacial monitoring, weather models, climate models, earth rotation, .… a dual frequency receiver plus the IGS products are a powerful and cheap combination as far as multidisciplinary scientific measurement instruments go.
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The IGS orbits are broken …

acc.igs.org

Présentateur
Commentaires de présentation
The IGS orbits (products) are currently not a continuos set of constellation ephemerides from 1994 to the present.
The orbits have discontinuities due to 7 ref frame changes, AC processing improvements
The products are the best we could do at the time but we can do much better now and so we should!
The benefits are universal to anyone going back to analyse long series of GNSS data you will have the best possible orbits with the current state-of-the-art processing from 1994 to now.
The introduction of the absolute antenna phase centre models together with the adoption of ITRF05 gave the final push to this essential IGS activity (wk1400)
It was fundamental though to agree for Acs to use the IERS2003 models and that they report their processing startegy completely and conrrectly something that had been a problem for some time in the past.
We also had to agree what models to include and which to leave out: VMF/GMF, iono 2/3rd order, atm loading S1/S2
We also had to agree what products to actually generate (people wanted lower sampling orbits, lower samplig clocks, 1d SNX files …
The Acs where unwilling/unable to committ because of the extra burden .. Unknown problems of current SW with such old data, etc … 
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… although we have a mess 
of problems, we have great capacity   
- intellect and resources - to do 
something about them.
Henry Ford II

“

”
‘04 - ‘05 : Absolute Antenna PCVs 

2006 : Agreed products and 
models 

‘07- ‘08 : Test period validated, 
ITRF08 contribution agreed

Présentateur
Commentaires de présentation
At the IGS we have not stood still in the knowledge that we could improve the products in the archives but also it has not been easy to get the necessary momentum as certain important pieces were missing for a while such as the initial Absolute antenna phase center calibrations. 
As these initial calibrations came from the analysis of 1/2 ACs for the sats and “converted” calibrations from the relative calibrations for the stations it was argued that satellite based correction determinations could also be useful.
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Goal …

… generation of a consistent set of IGS products

Objectives …

… GPS orbits, clocks, ERP, SNX
… ITRF ‘08 contribution
… to be completed by ‘09

Présentateur
Commentaires de présentation
We agreed no tropo product, we agreed the frequency of products as in IGS (900 sec orbits, 300 sec clocks, 7 d SNX)

I anticipate that we could move to 30 sec clocks, 1 d SNX …
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IGS repro1 contribution to ITRF08

11 Analysis Centers

856 Stations processed

515 Stations contributed:

(Remi Ferland, NRCan)

Présentateur
Commentaires de présentation

The Acs made a significant effort to incude many stations (856) but does to the problems that IERS required a minimum of 2 years of observations.
Most of the rejected ones were new/old stations that didn't meet this requirement either at the end/beginning. 
They also required a dome#, some were also rejected for that reason.
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IGS repro1 SINEX Analysis

(Newcastle Combination, D. Booker,
D. Lavallée, P. Clarke)

Présentateur
Commentaires de présentation
Newcastle combination (Dave Booker, David Lavallée, Peter Clarke)
Pre-2005.5 decrease in wrms to IGS05
Strong annual (365d) fluctuation in scale to IGS05; much smaller variation in scale to combined solution (except NGS, SIO, ?PDR)
Inter-solution scale offsets ~0.1 ppb
Common-mode signal in Ty (shift to combination solution << shift to IGS05)
Little or no coherent signal across all solutions in Tx, Tz (but individual ACs may show periodic effects)
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The new ESOC IGS software …

• NAPEOS : Navigation Package for 

Earth Observation Satellites 

• Used in ESA LEO POD

• Fortran 90/95 

• Multi-platform 

Présentateur
Commentaires de présentation
…
At the end of 2007 after the IGS AC Meeting at the AGU we at ESA.ESOC had committed to be part of the reprocessing effort for good
Napeos is used in the POD of Envisat, ERS, Metop, etc
Compiled successfully on Linux (ifort), Solaris, Windows, Mac, IBM AIX
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Intel QuadCore 2,4 GHz PC
Ubuntu / ifort / 8Gb / 1 Tb

150 stations/day in 50 min..

8 yrs in ~25 days !!

stations

satellites

proc. min.

Our reprocessing workhorse …

Présentateur
Commentaires de présentation
But while we had an “almost ready” software still to be put into operational use we certainly did not have the hardware to dedicate to this effort.

As an experiment I installed abasic Linux PC to act as the “ESOC external testing machine” we were not sure of the Linux /ifort compatibilty or the size of speed improvementusing these machines versus our Solaris machines 
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Using more stations …
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Présentateur
Commentaires de présentation
A main opportunity of the reprocessing has been to include more data in the calculations at ESA/ESOC
Since many of the IGS ACs have done this early enough this affords the IGS the opportunity to contribute to the ITRF many more SNX station position solutions which will help in the ITRF08 definition 
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… more satellites …
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Présentateur
Commentaires de présentation
The period before 2003/2004 shows manys ats had to be excluded in our old SW
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… ambiguities resolved … 

50.00%

55.00%

60.00%

65.00%

70.00%

75.00%

80.00%

0 3000

2000 2007



13

… better accuracy …
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Présentateur
Commentaires de présentation
The old undiff solution was unreliable at around 5/7 cm in 03-04 we started amb fixing with the old system, and on week 1463 (2008) we switched to the new system.
The jump comes from the wk1400 ATX so the curve will improve when there is a new combined orbit  
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… and better consistency.

Présentateur
Commentaires de présentation
…  the increasing consistency in the plot in the repro1 years is at first due to more data being available but later due to the inclusion of the IIR satellites.  the situation "converges" around 2003 when the constellation is made up of mainly more modern satellites ... do you agree with this interpretation?  i have not checked exactly the "age of the constellation over time" or the constellation satellite models its only a gut feeling looking at the plot.
The ES1 solution is one of the least affected by the 14 day cycle and only slightly on the 4th harmonic of the draconitic yearly cycle (barely) when looking preliminarily at the overlap using the griffith and ray method (Griffith, Ray, 2008, J. Geodesy)
We have contributed 3 times more stations to the ITRF08 compared to original 2000-2008
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Uncovering the real clock story …

1994 2008

Cesium-to-internal undocumented jumps
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Présentateur
Commentaires de présentation
The reprocessing affords us the chance to complete and discover significant configuration changes at the stations which may have gone undocumented such as the external reference
In the case of ESA/ESOC GNSS stations the first impact has been in detecting external frequency changes and updating the SIFs to reflect the historical configuration correctly so that if someon needs to access a real Cesium exter. Reference from back in 2003 the SIFs can be used as a better guide for stations selection



Finally …

EGU General Assembly 2009, Vienna

… IGS repro1 making good progress

… a challenge and opportunity

… ITRF ‘08 benefits from IGS repro1

… IGS repro1 official in early 2010

… new models for repro2 (2010/2011)

Thanks!
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