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Introduction

This Report gives an overview of the ESOC Analysis Centre activities and a presentation of the IGS activities at ESOC during the year 2002.

This year the ESOC AC activities have continued uninterrupted and have consolidated with the timely delivery of all the products part of the IGS and participation in several of the IGS Working Groups and Pilot Projects.  There have been no major changes to the routine processing during 2002, only some small changes to the processing strategies as outlined and described below.

Currently ESOC’s GPS-TDAF (Tracking and data Analysis Facility) handles automatically the ESA ground receiver network, the IGS network data retrieval and storage and all of the routine daily and weekly data processing of the different IGS products.  The system is capable of performing autonomous operations for up to five days.  Information is available on the website: http://nng.esoc.esa.de/gps/gps.html

Changes and activities in 2002

These have been the changes to IGS activities at ESOC during 2002:

Jan 2002
GLONASS processing: Changed terrestrial reference frame to ITRF2000, based on the IGS2000.SNX file generated by the IGS for the core stations, together with the use of the GPS fixed orbits which had been switched to ITRF2000 a few months back.

May 2002
Ultra-Rapid processing: Switched processing to use only RINEX data for 48 hours, no fixed positions from previous sp3 files were further used.

Nov 2002
IGS processing: switched all orbit submissions to the SP3c format to comply with the new IGS standard.

Dec 2002
IGS processing: Changed the processing during satellite eclipses from excluding the data during eclipse periods and introducing a manoeuvre at the eclipse exit to leaving all the data in and not including a manoeuvre at the eclipse exit.

Routine Activities

ESOC participates in the IGS as an Analysis Centre providing the following routine products either to the Analysis Centre coordinator or to the IGS Global Data Centre CDDIS:

· Final GPS Orbits plus clock biases

· Final GLONASS Orbits plus clock biases

· Rapid GPS Orbits plus clock biases

· Twice Daily Ultra-Rapid GPS Orbits plus clock biases

· Daily Rapid EOP file

· Daily Ultra-Rapid EOP file

· Weekly final EOP file

· Weekly final processing summaries

· Weekly free network solution in SINEX format

· Daily final tropospheric files

· Daily final ionospheric files in IONEX format

· Weekly combined IGS ionosphere IONEX files; ESOC is the IGS Ionosphere Associate Combination Center (IACC)

· Daily rapid RINEX clock files with 5 minutes sampling

· Daily final RINEX clock files with 5 minutes sampling 

Processing Method

The ESOC GNSS precise orbit determination processes for all the cases are based on a batch least squares estimation solution of RINEX IGS station data using various numbers and distributions of stations based on availability, past performance and processing time available.  The average numbers of stations used for each of the processes at ESOC are as follows:

· Final GPS POD: 

52 stations

· Final GLONASS POD: 
27 to 30 stations

· Rapid GPS POD: 

40 to 45 stations

· Ultra-Rapid GPS POD: 
30 to 35 stations

The estimation method for all the POD activities uses an in-house estimation program, BAHN, currently in version 7 and which can handle most types of data for satellite POD activities (ranges, range rates, SLR, Doris, Prare, altimetry, GNSS observables in undifferenced, and double- differenced modes).  The quantities estimated by the program are variable depending on the focus of the run.  For the IGS submissions the quantities estimated are:

· The station coordinates, 

· The satellite state vectors,

· The solar radiation pressure extended force model parameters,

· Cycle-per-revolution empirical accelerations, 

· The undifferenced carrier phase ambiguities for the ionospheric-free linear combination, 

· The GPS-GLONASS receiver biases (for the GLONASS processing only), 

· The Earth rotation parameters: x and y pole position and rates and Length of Day,

· The tropospheric zenith delay for every station every 2 hours,
· Station and satellite clock biases, estimated as time-dependent parameters (one value for every observation epoch).

More information on our routine GPS and GLONASS processing, processing description, model usage, result plots, etc can be found at:

http://nng.esoc.esa.de/ http://igscb.jpl.nasa.gov/igscb/center/analysis/esa.acn
Ultra-Rapid processing

The processing has changed minimally by removing the sp3 orbits as pseudo-observations.  In the past the Ultra-Rapid has used a number of days of fixed orbits as pseudo-observations before the RINEX data arc.  This practice would stabilise the orbit solutions when there were few stations available with current data.  At this time the hourly data availability is such that for the Ultra-rapid processing there is always more than enough RINEX data to produce very good estimated orbits and thus to predict the orbits into the future with a high degree of accuracy.

Eclipse data processing

During satellite eclipses the ESA/ESOC processing used to exclude the data and estimate a manoeuvre at the eclipse exit.  The exclusion of the data over the eclipse period was done to simplify the estimator calculations in fitting the data.  The eclipse manoeuvre was included to try and absorb some of the unmodelled behaviour when the satellites reacquire the sun.  These two strategies made the ESOC solution both incomplete and discontinuous. Incomplete since we cannot calculate clock biases when no data is processed so none where included in the clock solution for around one hour (Figure 1). The orbit solution was also subject to discontinuities, which appeared as large peak differences when comparing to other orbit solutions.
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Figure 1: Clock bias values showing data gaps due to eclipse data exclusions.

Towards the end of 2002 and early 2003 the new strategy of including all the data all the time and NOT including eclipse manoeuvres was tested, validated and implemented.

GLONASS Processing

GLONASS processing at ESOC has continued during 2002 as it had done during 2001.

A change implemented during 2002 in the GLONASS processing has been to switch to the ITRF2000 as had been done for all the other IGS operations a few months earlier.

During 2002 the processing continued using the complete 9-parameter Solar Radiation Pressure (SRP) model for the GLONASS satellites; this had been a change for testing purposes from the 5-parameter model used up to 2001 (Romero et al., 2002).  The processing was stopped after the summer of 2002 due to manpower problems and was later resumed without loss during 2003.
Figure 2 shows the weighted orbit comparisons between the solutions from CODE, BKG, MCC (Mission Control Centre, Moscow) and ESOC versus the GLONASS combination up to the time of writing.  CODE orbit contributions ceased during 2000. The ESOC weighted comparison to the combination has stabilised at an error level of around 10 to 15 cm. 
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Figure 2: IGLOS/IGEX AC weighted orbit comparisons versus the combination.

Ionosphere Processing

Routine processing of ionospheric Total Electron Content (TEC) maps and satellite/receiver differential code biases (DCBs) continued during 2002. 

The ionosphere processing in final mode continued with the rapid orbits. The number of ground stations used was increased to about 180. The daily routine ionosphere processing in 2002 was as follows:

1) A nighttime TEC data fit is made to obtain a set of reference DCB values for that day. The nighttime TEC itself is absorbed in this fit with low degree and order spherical harmonic. In the other fits 2) - 4) these DCBs are then introduced as constraints.

2) A Chapman profile model is fitted to the TEC data of that day, where the layer of maximum electron density N0 and its height h0 are estimated as surface functions of geomagnetic latitude and local time. h0 is restricted to have values within a predefined range only, currently 350 km =< h0 =< 450 km or 400 km =< h0 =< 450 km. This run is the official ESOC contribution to the IGS Ionosphere Working Group to be part of the combination.

3) A Chapman profile model is fitted to the TEC data, where h0 is estimated as a global constant.  This run is made for test reasons and theoretical studies.

4) A Chapman profile model is fitted to the TEC data, where h0 is kept fixed as global constant at a height of 450 km, and the influence of the solar zenith angle is not accounted for.  This run is made for test reasons and theoretical studies.

Beyond the routine processing of our own TEC maps, ESOC has also chaired the IGS Ionosphere Working Group (Iono_WG) from 1998 to 2002, before transfer of the chairmanship to Dr. M. Hernandez Parajes. As part of these activities, ESOC was responsible for the weekly comparisons of Iono_WG products as IGS Ionosphere Associate Combination Centre. 

LEO Activities

The activities of the ESOC Analysis Centre for the IGS LEO Pilot Project over 2002 have concentrated on implementing LEO processing capability in the available POD systems, using the data from CHAMP.  Because ESOC also coordinates the Pilot Project itself, please refer to the Chapters on the LEO Pilot Project for more information, or consult the igsleo website at nng.esoc.esa.de/igsleo.html
Future Activities

ESOC Analysis Centre will remain active during the next year; continue the regular contributions to the IGS orbit and clock products, troposphere, ionosphere, station network solutions and EOPs.  In the area of LEO POD significant efforts are underway to completely redesign the LEO calculations.  All the processes will be streamlined further and the GPS-TDAF will be improved for more efficient and independent operations, paying particular attention to the GLONASS processing to make it more efficient and to reconsider the processing of GPS and GLONASS orbits together.
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