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1 Introduction

1.1 Purpose and Scope

This Document describes the Precise Orbit Determination (POD) processing standards that will be used for the REAPER project. Besides describing these standards it also outlines the orbit format to be used within the POD group and the criteria that will be used for the evaluation and selection in Work Package (WP) 3.3.

The orbit reprocessing for ERS-1 and ERS-2 is performed by three different centres namely Helmholtz Centre Potsdam GFZ German Research Centre for Geosciences, The Delft Institute of Earth Observation and Space Systems (DEOS) at Delft University of Technology, and the ESOC Navigation Support Office. Besides providing one of the three different solutions the Navigation Support Office will play the role of coordinator. 

The period covered for the orbit reprocessing is outlined in the Statement of Work and covers for ERS-1 the period from launch (July 17, 1991) until the end of the 2nd Multi-disciplinary/Tandem Phase G (June 1996). For ERS-2 the period is from launch (April 21, 1995) until the failure of the ERS-2 Low Bit Rate on-board recorder (June 2003).
Orbit reprocessing after the failure of the Low Bit Rate recorder will still be possible in a degraded setup. The absence of continues Altimeter data will not effect the orbit processing standards but will significantly reduce the amount of satellite tracking data. This will mean that a reduced parameterisation will be needed for the orbit processing which will reduce the quality of the precise orbit solution. 
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1.2 Structure of the document

Chapter 2 contains the orbit processing standards to be used for ERS-1 and ERS-2 POD. Chapter 3 provides the orbit format specification to be used within the POD group. It does not define the final orbit format that will be used as input to the altimeter reprocessing. This is outside the scope of this document. Chapter 4 provides the evaluation and selection criteria that will be used in WP 3.3 to select the final solution that will be the outcome of the orbit processing task. 

2 ERS RePRocessing Standards

Table 1 lists the orbit processing standards (GDR-C) as they are being used for ENVISAT and Jason-1/2. The goal of the REAPER project is to deliver a homogeneous data set for ERS-1 and ERS-2 that as closely as possible matches that of ENVISAT (and Jason 1/2). Therefore the models and standards to be used for ERS-1 and ERS-2 orbit reprocessing should try to use as much as possible the same models as listed in Table 1.

	
	GDR-C

	Reference System
	 

	Polar motion and UT1
	IERS bulletin C04 consistent with ITRF-2005, with IERS 1996 sub-daily corrections

	Precesion and Nutation model
	 

	SLR coordinates
	LPOD2005 v10

	PRARE coordinates
	 

	Displacement of reference points
	 

	Earth tides
	IERS 2003 Solid Earth Tides

	Atmospheric loading
	 

	Ocean loading
	FES 2004

	Pole tides
	Solid Earth Pole Tide from IERS-2003

	Satellite reference
	 

	Mass and center of gravity
	Post-Launch values from Control Centre

	Attitude Model
	Nominal Law

	Gravity
	 

	Gravity field (static)
	EIGEN-GL04S

	Gravity field (time varying)
	Annual+Semi Annual 50x50 from EIGEN-GL04S-ANNUAL

	Earth tides
	IERS-2003 Solid Earth Tides

	Pole tide
	IERS-2003 Solid Earth Pole Tide

	Ocean tides
	FES 2004 (all principal constituents, with admittance)

	Atmospheric tides
	Haurwitz & Cowley

	Atmospheric gravity
	NCEP-derived 20x20 fields at 6hr (AGRA service at GSFC)

	Third bodies
	Sun, Moon, Venus, Mars and Jupiter (DE-405)

	Surface forces and empirical
	 

	Radiation Pressure model
	box/wing model, with smoothed Earth Shadow model

	Radiation pressure scale coefficient
	Fixed (set to minimise the 1/rev amplitude)

	Earth radiation
	Knocke-Ries albedo and IR satellite model

	Atmospheric density model
	MSIS-86

	Drag coefficients
	Adjusted every two revolutions, with loose constrains

	1/rev empiricals
	Every 24 Hours

	SLR measurements
	 

	Data Taken From
	CDDIS

	Troposphere correction
	Mendes-Pavlis following IERS 2003 update

	Retroreflector correction
	fixed offset value per satellite according to ILRS website values 

	Relativistic corrections
	 IERS Conventions 2003


Table 1 GDR-C orbit processing standards

Table 2 lists the REAPER processing standards to be used for ERS-1 and ERS-2 by the three orbit processing centres. After the Table a short explanation is given for each of the models. If the model selection differs from the GDR-C standards an explanation for this is also provided here. 

	 
	ERS Reprocessing Standards

	Reference System
	 

	Polar motion and UT1
	IERS EOP 05 C04 series with IERS2003 daily and sub-daily corrections

	Precesion and Nutation model
	IERS Conventions 2003

	SLR coordinates
	LPOD2005 v13, if available, or estimated

	PRARE coordinates
	 

	Displacement of reference points
	 

	Earth tides
	IERS Conventions 2003

	Atmospheric loading
	 

	Ocean loading
	FES 2004

	Pole tides
	IERS Conventions 2003

	Satellite reference
	 

	Mass and center of gravity
	Post-Launch values from Control Centre

	Attitude Model
	Nominal Yaw Steering Law

	Gravity
	 

	Gravity field (static)
	EIGEN-GL04S

	Gravity field (time varying)
	Annual+Semi Annual 50x50 from EIGEN-GL04S-ANNUAL

	Earth tides
	IERS-2003 Solid Earth Tides

	Pole tide
	IERS-2003 Solid Earth Pole Tide

	Ocean tides
	FES 2004 (all principal constituents, with admittance)

	Atmospheric tides
	 

	Atmospheric gravity
	NCEP or ECMWF-derived fields at 6hr or less

	Third bodies
	Sun, Moon, Venus, Mars and Jupiter (DE-405)

	Surface forces and empirical
	 

	Radiation Pressure model
	ANGARA  or box/wing model

	Radiation pressure scale coefficient
	fixed 

	Earth radiation
	applied either from ANGARA or Knocke-Ries (1987)

	Atmospheric density model
	MSIS-90 or MSIS 86

	Drag coefficients
	 

	1/rev empiricals
	 

	SLR measurements
	 

	Data Taken From
	CDDIS

	Troposphere correction
	Mendes-Pavlis following IERS 2003 update

	Retroreflector correction
	fixed offset value per satellite according to ILRS website values 

	Relativistic corrections
	IERS Conventions 2003


Table 2 REAPER ERS-1/2 orbit processing standards

2.1 Polar motion and UT1

At the following website the link to the IERS EOP 05 C04 time series can be found:   http://www.iers.org/MainDisp.csl?pid=36-25787&prodversid=11221. The direct link to the EOP time series can be found here:

http://www.iers.org/products/177/11221/orig/eopc04_IAU2000.62-now

2.2 Precession and Nutation model

The precession and Nutation model is not explicitly stated in the GDR-C standards. For the ERS reprocessing standards the full IERS Conventions 2003 are applicable and this Precession and Nutation modelling is in accordance with the IERS Conventions 2003 that can be found at the IERS website: http://www.iers.org/MainDisp.csl?pid=46-25776
2.3 SLR coordinates

The SLR coordinates (LPOD2005 v13) contain minor updates compared to the version used for the GDR-C standards (v10). The newer version is preferred over the older version as the minor correction compared to the v10 version will have no effect on the consistency between the two standards but will provide a higher level of accuracy. The v13 version can be found here: ftp://ftp.csr.utexas.edu/pub/jason/models/coords/LPOD2005.doc. It is also available on the Navigation Office ftp account made available for the REAPER project (dgn6.esoc.esa.int).

2.4 Displacement of Reference points

All Displacements of the station coordinates should be inline with the IERS Conventions 2003 as with the GDR-C standards. 

2.5 Satellite Reference

Mass and centre of gravity history are available on the http://nng.esoc.esa.de/ers/ERSman.html website for both ERS-1 and ERS-2.
The geometrical positions of the measuring devices of ERS-1 and ERS-2 in a satellite coordinate system are (in meter):

Device           The positions                      Reference

Altimeter        X=-3.7864,  Y= 0.5700,  Z=-0.8403     (1)

SLR              X=-2.8504,  Y=-0.7000,  Z=-0.9950     (1)

PRARE (module A) X=-0.4670,  Y= 0.7145,  Z=-0.9748     (2)

PRARE (module B) X=-1.1700,  Y= 0.7145,  Z=-0.9748     (2)

PRARE module A was active from April 21, 1995 till May 29, 2000, 0 hour 0 minutes UTC, and PRARE module B was active after that.

References:

1) "ERS-2 Satellite to Ground Segment Interface Specification",ESA Document ER-IS-ESA-GS-0002, Issue 1.1 (02.12.1993);

2) a fax sent from TimeTech to GFZ on March 23, 1995.

2.6 Static and time varying Gravity

The gravity field being used is the EIGEN-GLS04S_ANNUAL that can be found on the following website http://bgi.cnes.fr:8110/geoid-variations/static.html or at the ftp server dgn6.esoc.esa.int under the directory docs (file name EIGEN_GLS04S_ANNUAL). The only linear variation that should be applied to the Static Gravity is the change in C21/S21 in accordance with the IERS Conventions 2003 in Chapter 6.

This description of the GINS format and information on how to handle the annual and semi-annual variation can be found either under http:/bgi.cnes.fr:8110/geoid-variations/formats/GINS_SH.format.html or on the at the ftp server dgn6.esoc.esa.int under the docs directory (file name GINS_SH.format.html or as a PDF version).
2.7 Tracking data

The following tracking data will be used for the ERS-1 and ERS-2 reprocessing: 

The SLR tracking data is to be retrieved from the Crustal Dynamics Data Information System (CDDIS) ftp server or any of its mirror ftp servers. 

The PRARE dataset is to be taken from either GFZ or ESA. 

The Altimeter dataset can either taken from the RADS database or the GFZ ADS database.

Which of the different tracking sets will be used within the orbit determination is up to the individual processing centre to decide. The only constraint is that the processing centre needs to validate/asses that by mixing different techniques no long term trends are introduced into the orbit solution.

Further the individual centres will have to provide together with the orbit solution a list of which datasets have been used for each of the missions and during which part of the mission.

3 Orbit Format Specifications

The orbit format that will be used with the POD reprocessing group will be SP3c. The following links gives a description of this format: (ftp://igscb.jpl.nasa.gov/igscb/data/format/sp3c.txt). The orbits for each satellite will be provided in a different file (although SP3c gives the possibility to have multiple satellites per file this will not be done for the tandem phase).

The step time to be used for the state vectors in the SP3c file will be 30 seconds. The satellite state vectors will be expressed in the Earth fixed reference frame and the epochs will be expressed in GPS time (i.e., TAI with a fixed 19 seconds offset: GPS = TAI -19s.)
The SP3c identifiers that will be used for ERS-1 and ERS-2 will be in accordance with (http://cddis.gsfc.nasa.gov/sp3c_satlist.html) i.e., ERS-1 will have L31 and ERS-2 will have L32 as identifier in the SP3c file.

To ease merging and evaluation of the different solutions each centre will provide orbit files for the entire processing duration without gaps. Further the length of each file delivered is up to the individual centres to decide with the following constrains that consecutives files do not contain overlaps except for the fact that the last record in file N is the same as the first record in file N+1.

4 Selection and evaluation criteria

The validation of the different solutions generated will be done by an independent party, namely, AltiLLC. The evaluation criteria that will be used will be defined by the three orbit determination centres and AltiLLC and will be available to each of the POD centres. The selection will be based on the evaluation result of each institutes solution over the entire reprocessing period for both missions. Thus the selected solution will be from one institute only (with the possibility of the combination solution) preserving the homogeneous character of the solution.

The evaluation criteria will at least include the following:

·  geographically correlated orbit error

·  non-geographically correlated orbit error

·  orbit error time series (identifying critical events)

·  apparent time tag bias (and consistency)

·  apparent reference frame offsets (and drifts)

·  RMS and mean crossover differences
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