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1. Introduction

1.1 Scope
This document is prepared as part of the Swarm Level 1b Data Processing specification. It describes the Medium Accuracy Orbit Determination (MOD) processing with the Bernese 5.0 software, the required input files and the relevant data output. 
2. Applicable and Reference Documents

2.1 Applicable Documents

AD01
Swarm Mathematical Conventions 
Doc. No. SW-TN-EAD-SY-00031
Astrium GmbH, Germany
AD02
Calibration and Characterisation Data Base Description
Doc. No. SW.TN.EAD.GS.00048
Astrium GmbH, Germany
2.2 Reference Documents

RD01
Swarm Level 1b Processor Algorithms
Doc. No: SW-RS-DSC-SY-0002
Danish National Space Center
3. MOD processing
3.1 Running the Bernese 5.0 software

The MOD processing will be carried out using the Bernese 5.0 software. During the installation Bernese will create a main directory (usually named BERN50, assumed hereafter) that will contain all general files and executables in various subdirectories. The actual processing with input/output files, temporary files, log files and error files will take place in user specific directories named GPSDATA, GPSUSER, and GPSTEMP. The path to these user specific directories should be set with the LOADGPS.setvar file in directory BERN50/GPS/EXE/. At the start of each MOD processing session a campaign is created (suggested name SWARM) resulting in the creation of the directory GPSDATA/SWARM/ and various subdirectories. 
3.2 Input and Output
	Inputs

	Elements
	Description
	Unit
	Accuracy

	RINEX

Obser-

vation
	Header
	Output from the GPSR L1b processing

This part is roughly organized as mentioned in Section 8.1.2 of RD01 This is stored only once per file.
	
	

	
	Data record
	Output from the GPSR L1b processing

This part is roughly organized as mentioned in Section 8.1.2 of RD01 The data record is repeated N times for N satellites in view for each epoch. 
	
	

	STR output
	

	Quaternion S/C attitude; output from the STR L1b processing (optional: Bernese may be run with or without attitude data)
	
	

	External
Data
	sp3
	IGS GPS Satellite Ephemeris,        minimum ‘rapid’ resolution is needed.

Daily download
	
	<5cm

	
	clk
	IGS high rate GPS satellite clocks and corrections. Same resolution as sp3.

Daily download
	s
	<1(s

	
	erp
	Earth rotation parameters, used for transformation between ITRF/ICRF. Same resolution as sp3.

Daily download
	mas

mas/day
	<0.1mas

<0.2mas

/day

	
	SAT_YYYY.CRX
	GPS satellite problem file

Daily download
	
	

	
	LEOPROC.STA

LEOPROC.CRD

SATELLIT.I01

PHAS_LEO.I01

GPSUTC.

RECEIVER.

ABBREV.ABB
	Bernese configuration files, e.g. leap seconds, phase center corrections, datum information, satellite information files.

GPSUTC. must be updated if new leap seconds are introduced.

SATELLIT.I01 should be updated regularly (daily).

All other files delivered by DNSC and remaining constant through the entire mission.
	
	


	Outputs
	
	
	

	Elements
	Description
	Unit
	Range

	r_ITRF
	Position vector in ITRF system
	m
	~1m

	v_ITRF
	Velocity vector in ITRF system
	m/s
	~1cm/s

	a_ITRF
	Acceleration vector in ITRF system
	m2/s
	


3.2.1 Detailed description of Input/Output

Input files:

Input: Rinex Obeservation file.

The Rinex observation file is an output from the GPSR L1b processing. It is strongly suggested to use daily observation files for the MOD processing. If the GPSR L1b output is not in the form of daily files, the observation files should be combined in daily files.

To be copied to GPSDATA/SWARM/RAW/.

sp3: GPS ephermeris file.

Daily download. Suggested source http://www.aiub-download.unibe.ch/CODE/. 

Name in above source: CODwwwwd.EPH_R (rapid solution) or yyyy/CODwwwwd.EPH.Z (final solution). To be renamed CODwwwwd.PRE and placed in GPSDATA/SWARM/ORB/.

erp: Earth rotation parameters

Daily download. Suggested source http://www.aiub-download.unibe.ch/CODE/. 

Name in above source: CODwwwwd.ERP_R (rapid solution) or yyyy/CODwwwwd.ERP.Z (final solution). To be renamed CODwwwwd.IEP and placed in GPSDATA/SWARM/ORB/.

clk: High rate GPS clock file (30 sec.)

Daily download. Suggested source http://www.aiub-download.unibe.ch/CODE/. 

Name in above source: CODwwwwd.CLK_R (rapid solution) or yyyy/CODwwwwd.CLK.Z (final solution). To be renamed HIRwwwwd.CLK and placed in GPSDATA/SWARM/OUT/.

The 3 files types above may also be downloaded from IGS, but the preferred source is CODE where they have been produced with the Bernese software. They MUST be from the same source and of the same version, i.e., either rapid or final solution. Any mixture between IGS and CODE produced files, or between rapid and final solution files will lead to poor performance of the MOD processing.

SAT_yyyy.CRX: GPS satellite problems file

Daily download. Source http://www.aiub-download.unibe.ch/BSWUSER50/GEN. To be placed in BERN50/GPS/GEN/.
SATELLIT.I01: GNSS (and LEO/GEO) general information file

Daily download. Source http://www.aiub-download.unibe.ch/BSWUSER50/GEN. To be placed in BERN50/GPS/GEN/.

GPSUTC.
Leap second file. Delivered with Bernese software, but must be updated with introduction of new leap seconds. Source http://www.aiub-download.unibe.ch/BSWUSER50/GEN/.  (Check that leap second 14 introduced Jan, 1, 2006 is included.) Placed in BERN50/GPS/GEN/.
LEOPROC.STA

Station information file containing Swarm specific information, such as receiver and antenna names. Source: delivered by DNSC. Placed in GPSDATA/SWARM/STA/.
LEOPROC.CRD

Station coordinate file. The contens have no bearing on the MOD processing, but must be present in the correct Bernese format. Source: delivered by DNSC.

PHAS_LEO.I01

Phase center offset file. Source: delivered by DNSC. Placed in GPSDATA/SWARM/STA/.

RECEIVER.

Receiver information file. Source: delivered by DNSC. Placed in BERN50/GPS/GEN/.

ABBREV.ABB

Abbreviation file. Source: delivered by DNSC. Placed in GPSDATA/SWARM/STA/.

Output files:

SWMnyyddd.PRE

For each Swarm satellite the Bernese MOD processing will produce a tabulated precise orbit in the following format:

Header section: 22 lines of header containing information on number of epochs, UTC time, GPS week and second of first epoch, time step between epochs, satellite processed.

Data section: 3 lines for each epoch containing UTC time, position and velocity in sp3 format:

UTC:
  ‘*  yyyy mo dd hh mi ss.ssssssss’

‘(a3,i4,4i3,f12.8)’
POS:  
 ‘PL 9 xxxxxx.xxxxxxx yyyyyy.yyyyyyy zzzzzz.zzzzzzz 999999.999999’   ‘(a4,4f14.7)’
VEL:  
 ‘PL 9 xxxxxx.xxxxxxx yyyyyy.yyyyyyy zzzzzz.zzzzzzz 999999.999999’ ‘(a4,4f14.7)’
Acceleration is NOT an output of the Bernese MOD processing and will have to be generated by numerical differentiaton of the velocities. A 5-point difference method should be adequate for the accuracy required (TBC).

Other output:

Each Bernese process will produce a log file and possibly an error message file. L

Log files contain details of the processing, files processed, output produced etc. These log files should be kept at least for some time for trouble shooting purposes. 

Error files will contain specific messages relating to the error. It is possible to set up the Bernese Processing Engine either to stop processing entirely or to continue with the next step regardless when an error is encountered. 

3.3 Controlling the Bernese Processing Engine

3.3.1 Executing the BPE:

The Bernese Processing Engine is simply started by executing the command:
BERN50/menu GPSUSER/PAN/MENU.INP  GPSUSER/PAN/MENU_RUNPCF.INP
3.3.2 Terminating the BPE

3.4 Processing Overview Diagram
4. Summary
Appendix A 

Abbreviations and Acronyms

ACC
Accelerometer

ADC
Analogue to Digital Converter
ASM
Absolute Scalar Magnetometer
CCDB
Characterisation and Calibration Data Base
CDC
Compact Detector Coil
CSC
Compact Spherical Coil
DNSC
Danish National Space Center

EADS
European Aeronautic Defence and Space
EESS
End-to-End System Simulator

EFI
Electric Field Instrument

ESA
European Space Agency
eu
engineering unit
GNSS
Global Navigation Satelite System

GPS
Global Positioning System
GPSR
GPS/GNSS Receiver

ICRS
International Celestial Reference System

ITRS
International Terrestrial Reference System
LP
Langmuir Probe

NEC
North-East-Centre reference frame

N/A
Not Applicable

S/C
Spacecraft

SRD
System Requirements Document 

STR
Star Tracker

TBC
To Be Confirmed

TBD
To Be Defined

TCF
Temporal Calibration File
TII
Thermal Ion Imager

UTC
Universal Time Coordinated

VFM
Vector Field Magnetometer
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