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ESA/ESOC IGS Activities
J. Dow1, R. Zandbergen1, C. Garcia2, I. Romero2, J. Feltens3 , H. Boomkamp2 http://nng.esoc.esa.de/

1(ESA/ESOC), 2(GMV at ESOC), 3(EDS at ESOC)

Orbit Processing Recent  Changes

Maximum Electron Density Height 

Results from
12/1997 to 04/2002

Ionospheric Map 089/2002
Ionospheric Processing

� Basic Observables:
•Carrier phase levelled to code
•6 min. sampling rate / Elev. cutoff  is 10 º
•The solar-magnetic frame used internally.
� Four runs per day with 24 hours of observation
data from about 130 stations:

1st run: Nighttime data. For L1/L2 delay values.
Three more runs: Using 3-d Chapman Profile
models. The height of maximum electron density
h0 and a geometry parameter are treated in
different ways for each run.

ESA Stations Distribution 
and Visibility (20° min. elev.)

ESA Stations Equipment and ConnectionsESA GNSS Stations, 
Recent Changes

� Apr. 2001: Malindi (MALI) became an
hourly station.

� Jan 2002: Kourou  1 (KOU1), a Topcon
GPS/GLONASS receiver installed.

� Participated in two 1 Hz observation
campaigns (Aug.1999 & Apr.2001)

� All stations except KIRU now use the
new TCP/IP data transfer.

In the near future two new stations in New
Norcia (Australia), and Redu (Belgium).

* ESA/ESOC LEO Pilot Project activities described in the “IGS LEO - CHAMP Orbit Campaign Status” poster of this session.
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Date Change

MAR 2001 GPS processing: Started Clock bias
submissions with UltraRapid product.
Estimated (24 hrs) + Predicted (24 hrs).

APR 2001 GPS processing: UltraRapid strategy
changed from “2 step” fit (RINEX and then
positions) to one step (RINEX and
positions together).

MAY 2001 GLONASS processing: Raised the noise
cutoff for GLONASS data to the same
level as for GPS (from 30 to 50 cycles
between phase and code measurements).

MAY 2001 GLONASS processing: using a 9 parameter
solar radiation model.

JUNE 2001 GPS processing: For satellites in eclipse
excluding 14 minutes of data at the exit of
the eclipse (down from 30 minutes).

DEC 2001 GPS processing : changed to ITRF2000
based on the IGS2000.SNX station
coordinate file.

JAN 2002 GLONASS processing: changed to the
ITRF2000, and to a 3 day data arc per day.
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Positional comparison:  Ultra-rapid [12] IGS orbits (fitted 0-24h) / Final IGS orbits
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 day of year [2001]

Positional comparison:  Ultra-rapid [12] IGS orbits (predicted 0-12h) / Final IGS orbits missing product
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Legend:

no data
> 0m
> 0.25m
> 0.5m
> 1.0m
> 10.0m
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FT_1:        fitted  0 - 24h
PR_1: predicted  0 -  6h

PR_2: predicted  6 - 12h
PR_3: predicted 12 - 18h
PR_4: predicted 18 - 24h
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  Helmert  rotation  parameters  from  orbit  comparisons
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 Iteration index

Iterative procedure for splitting the arcs
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CODE orbits (fitted & predicted) comparisons to IGS orbits

 CODE_R   ( 0-24h         fitted)
 CODE_P   ( 0-12h  predicted)
 CODE_P   (12-24h predicted)
 CODE_P2 (24-36h predicted)
 CODE_P2 (36-48h predicted)
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 Orbit fitting (0-24h) with respect to IGS orbits

 CODE
  24H
  12H
   6H
   4H
   2H

  GOP
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Orbit predictions (0-6h and 18-24h) with respect to IGS orbits

 CODE
  24H
  12H
   6H
   4H
   2H

  GOP
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Counts of satellites in the IGS ultra-rapid products

all satellites
IGS ultra-rapid [00]
IGS ultra-rapid [12]
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broadcast a priori orbits

data download & transfer

6h data concatenation [clusters]

code SPP processing [clusters]

6h pre−analysing [clusters]

6h parameter estimation [clusters]

24h combination 

a priori orbit update

6h pre−analysing

6h parameter estimation [clusters]

24h combination 

6h residuals checking [baselines]

6h parameter estimation [clusters]

iterative combination for 72hours 

orbit quality check

export orbits, ERPs

orbit comparisons

web update

6h parameter estimation

12h combination 

6h residuals checking [baselines]

export near real−time TRP

clossing session

... hourly O,N−RINEX   (GOP data center)

... data quality checking

... 1st a priori orbits

... satellite clock estimation, manoeuvres detection

... DD, data cleaning, cycle slip detection, amb. setting

... orbits, coordinates, trop.parameters −> saving 6h−NEQs

... 1st iteration orbits (using last 6h−NEQs)

... 2nd a priori orbits

... DD, data cleaning, cycle slip detection, amb. setting

... orbits, coordinates, trop.parameters −> saving 6h−NEQs

... coordinates, troposph. parameters −> saving CRD, TRP

... detection of outliers and sites’, satellites’ problems

... orbits, coordinates, trop.parameters −> saving 6h−NEQs

... iterative arc−splitting, final orbits, ERPs.

... exclude satellites, format the output files, upload results

... updating web monitoring

... baselines−wise residuals checking using GOP orbits fixed

... GOP orbits fixed (1h ZTD parameters) −> saving 6h−NEQs

... stacking two last 6h−NEQs for NRT ZTD estimation

... export NRT ZTD parameters

... database updating, data cleaning

... orbit−overlaps consistency checking
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... compare GOP orbits backward to the IGS orbits (ultra, rap, fin)
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SP3 orbits,  ERP
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NRT analysis at GOP

¯ � ���¢ ���.��� � ��� § � ¢ ���g°Reference TRP monitoring

¯ � §.� ��¬�������� §����.�.� �=���   °GOP EUREF analysis

Post−processing analysis

¯ � ���¢ ���.��� � ��� § � ¢ ��� °GPS meteorology (COST−716)

NRT Local Data Center at GOP
(ftp://pecny.asu.cas.cz/LDC)

GPS system information

¯ �� ������� � ��� § � ¢ ��� °

EOP Bulletins, ITRF

Satellite clock information

RINEX obs, meteo, navig

SP3 orbits,  ERP

Ionosperic maps

Site information
Coordinates/velocities sets

Bernese supporting files
Tropospheric parameters

Hourly orbit/TRP determination
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Data & Products
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Legend:
no data > 0m > 0.25m > 0.5m > 1.0m > 50.0m
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 GOP x IGS ultra-rapid orbit comparisons (product 00: fitted part) 
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Legend:
no data > 0m > 0.25m > 0.5m > 1.0m > 50.0m

XYg[F\�§Z^2`Fa #�!�� � � a � $�� � �%- � �È* a #�pý � ��*��èýQ � ->$�� ��#���#� %m)# � ��*�¼L��m)# � $ � � £d��� / �n�(0 ýQeL* a #'iz�b�Ä�Z� ` ý(�P,���* � ¼L��* a ��# � �>#nmP**·ýd* a #_h)i��þ�-�*�� � º�� � �%�.$Jý(�P,���* �no `Fa # þP�7�>#)�b�Îý�¼��%-èý�* � * a #U$�� ��#)��#� %m)# � e.�íýQcK* a #�æ�*:*f#P$'� � �=* � � � º � � a ý�þQ� �B0 />* a #_-õý�¼5#)�b�Îý�¼{e ý(�z* a #Z����#P$��.mP*f#n$'� � �=* � � � º � a ý�þQ� 0Po ` ¼�ýkæ"!�þQ��# �_� ** a #���� ! a * � a ý�¼u* a # ç þ � -g��*g�=ýQeD* a #_�  �$�� è ��$¬þ � - ��� *f#)-g-g��*f#�ýQ�n,���* �b� ýQ�)*f#P$2�  8[ � mnm�þQ� � m:��,��  �no¨^ � ��� �  "!Smîý�-"þQc� � c¤ý � *�- �2�pý��  +*�ý)þ�*b* a #z#B�pý"m a � ¼D��* a * a #_- � m:¾JýQeD* a #z$ � * � /�¼ a ��m a ý"m=m þ(��#P$È,�#=e ýQ��#U* a # � #nmîýQ %$ � �f�À� � -�*f#)�: � *�� è # 0 �  +*f#��B �#P*¿mîýQ " �#Pmn*��õý( l¼ �(� # � * � ,Q-g� � a #P$2�  ª©%#Q,Q�Øþ � �f� �����P�"o



As high precision global geodetic GPS technology has evolved, processing and analysis software has become more sophisticated and in 
general more automated.  This development has now seen the implementation of Internet based geodetic GPS processing services by various 
International groups.  In Australia these International GPS Processing Services were being widely used by the geodetic GPS community.  It 
was at this time that the potential for user confusion between the International Terrestrial Reference Frame (ITRF), as provided by these 
International GPS processing services and the Australian national datum, GDA94 was recognised.  Since GDA94 was based on the ITRF92 
at a fixed epoch of 1994 the latest ITRF coordinates produced were becoming substantially offset.  This difference is due largely to the 
tectonic motion of the Australian plate.  Coordinate differences between GDA94 and the ITRF are at this time approximately 0.5 metres in 
magnitude. 

Geoscience Australia traditionally has offered a GPS processing service to its clients in the national interest such as aviation, defence and 
other commonwealth and state government agencies.  For this processing GPS data was generally received on various digital media,
including CDROM, floppy disks and email attachments.  Customer service then relied on a hand-on-process and as such was not necessarily 
meeting the needs of the Geoscience Australia clients.  Defence clients for example were increasingly requiring a 24 hour x 7 day a week 
access to a precise GPS processing service.

3. The Geoscience Australia Online GPS Processing Service (AUSPOS)

Geoscience Australia’s Online GPS Processing Service (AUSPOS) provides 
users with the facility to submit via the Internet, dual frequency geodetic quality 
GPS RINEX data observed in a 'static' mode and receive rapid turn-around 
precise coordinates.  The service is free and provides both ITRF and GDA94 
coordinates.

This Internet service takes advantage of both the International GPS Service 
(IGS) analysis product range and the IGS GPS network and works with GPS 
data collected anywhere on Earth.   AUSPOS processes user data differentially 
using the three closest IGS receivers.

AUSPOS http://www.auslig.gov.au/geodesy/sgc/wwwgps/

The ARGN consists of 15 continuous GPS reference stations on geologically stable observing pillars.  Each ARGN site typically consists of: AOA SNR-8100 
and/or Ashtech ZXII3 GPS receiver (a spare receiver is kept at most sites); Dorne Margolin T choke ring antenna; Low-loss heliax antenna cable, with in-line 
amplifier where the cable length is more than 60 metres; PC running Linux operating system and in-house developed software; Uninterruptable Power Supply 
(UPS); GPS Power Controller (GPC) which allows remote control of the GPS power; Multiplexer, configured to allow remote access and control of most site 
equipment; Dual modems & phone lines  and Internet wherever possible.; and External, high accuracy clock (at selected sites).

Local stability of the observing pillars is periodically monitored by accurate local surveys to nearby (20 m) deep-driven reference marks.  Data is automatically 
retrieved on an hourly basis.  At the end of each UT day, the data is automatically concatenated, converted to RINEX format and quality checked using TEQC.  
The results of the quality checking are graphically presented at http://www.auslig.gov.au/geodesy/argn/argnqual.htm.  The data is submitted to IGS within 
30 minutes of the end of the UT day.  The data is also freely available from Geoscience Australia’s anonymous FTP or via a data selection form at 
http://www.auslig.gov.au/geodesy/argn/argndata.htm.  Operational status is automatically monitored and "alarm" email are automatically generated for 
exceptional events.  Interested users may subscribe to the ARGN Email list that notifies any outages or unusual events 
http://www.auslig.gov.au/geodesy/argn/argnmail.htm.

Current developments of the ARGN include; Rapid data (hourly, within 10 minutes) is now available from selected sites; High rate data (1-5 sec) will also be 
implemented for sites with suitable communication links; Meteorological data will be supplied at selected sites; and GPS steered Rubidium clocks are being 
tested for use.

Geoscience Australia is also Regional Data for the IGS.

Geoscience Australia Activities Related to the International GPS Service (IGS)
John Manning, Ramesh Govind, Jim Steed, Bob Twilley, Geoff Luton, John Dawson, Paul Digney and Gary Johnston.

Geodesy Program, National Mapping Division (NMD), Geoscience Australia, Canberra, Australia

In 1992 GPS observations were completed on eight geologically stable marks at sites across Australia, 
these marks form the Australian Fiducial Network (AFN).  Additional GPS observations were also 
carried out at a number of existing geodetic survey stations across Australia.  In 1993 and 1994 these 
were supplemented by further observations and results in a network of about 70 GPS sites with a 
nominal 500 km spacing across Australia and is known as the Australian National Network (ANN).  
GPS observations at both the AFN and ANN sites were combined in a single regional GPS solution in 
terms of the International Terrestrial Reference Frame 1992 (ITRF92) and the resulting coordinates 
were mapped to a common epoch of 1994.0.  The positions of the AFN sites were used to define the 
Geocentric Datum of Australia (GDA).  The positions of both the AFN and ANN sites were used to 
constrain a re-adjustment of the Australian geodetic networks.  GDA94 is officially regarded as the 
Australian national datum.  

NMD Geodesy 04/02

A number of ARGN sites are co-located with other fundamental geodetic facilities. At co-
located sites, the facilities are rigorously connected by accurate terrestrial surveys.  The results 
of these terrestrial surveys have been included in the ITRF2000. Results of all terrestrial 
surveys are available in SINEX format at ftp://ftp.auslig.gov.au/sgac/sinex/ties/

Feature/function Description
Observations RINEX dual frequency GPS code and carrier phase.

User GPS navigation data is not required.
Data quantity Minimum of 1 hour, recommended minimum of 6 hours
Multiple files submission Maximum of 7 user files per submission
Compression UNIX, ZIP, Hatanaka formats only
Orbit and Earth Orientation IGS precise, ultra-rapid, rapid, final
Observations used Double difference carrier phase
Reference frame IGS-SSC (nominally ITRF2000 at present),

GDA94 for Australia
Geoid Heights above the geoid are supplied within Australia using

AUSGeoid98 (Johnston and Featherstone, 1998).
# IGS stations used 3
Results quality <10mm horizontal <20mm vertical with 6 hours of data
Antenna phase centre IGS or NGS models
Report delivery Email and anonymous ftp
Report format ADOBE PDF

ALIC_50137M001 2000:01:01

#SOLN=208 ALIC_50137M001 2000:01:01

POS XYZ  -4052051.9662   4212836.0963  -2545105.6837    M
RMS ENU         0.0025         0.0017         0.0060    M
VEL XYZ        -0.0395        -0.0049         0.0514 M/YR
VEL ENU         0.0319         0.0567         0.0012 M/YR
+/- ENU         0.0013         0.0009         0.0012 M/YR
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CEDU_50138M001 2000:01:01

#SOLN=185 CEDU_50138M001 2000:01:01

POS XYZ  -3753472.3787   3912741.0031  -3347960.7223    M
RMS ENU         0.0033         0.0044         0.0091    M
VEL XYZ        -0.0406         0.0003         0.0490 M/YR
VEL ENU         0.0291         0.0566        -0.0018 M/YR
+/- ENU         0.0012         0.0011         0.0012 M/YR
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KARR_50139M001 2000:01:01

#SOLN=209 KARR_50139M001 2000:01:01

POS XYZ  -2713832.4015   5303935.0932  -2269514.8533    M
RMS ENU         0.0067         0.0025         0.0090    M
VEL XYZ        -0.0448         0.0025         0.0513 M/YR
VEL ENU         0.0387         0.0560         0.0028 M/YR
+/- ENU         0.0012         0.0009         0.0014 M/YR
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TID2_50103M108 2000:01:01

#SOLN=211 TID2_50103M108 2000:01:01

POS XYZ  -4460996.2417   2682557.0710  -3674443.5539    M
RMS ENU         0.0027         0.0067         0.0070    M
VEL XYZ        -0.0385         0.0026         0.0405 M/YR
VEL ENU         0.0177         0.0529         0.0046 M/YR
+/- ENU         0.0009         0.0009         0.0010 M/YR
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TOW2_50140M001 2000:01:01

#SOLN=207 TOW2_50140M001 2000:01:01

POS XYZ  -5054582.8070   3275504.4089  -2091539.5520    M
RMS ENU         0.0039         0.0025         0.0095    M
VEL XYZ        -0.0320        -0.0132         0.0491 M/YR
VEL ENU         0.0285         0.0529         0.0024 M/YR
+/- ENU         0.0012         0.0008         0.0013 M/YR
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1. The Australian Regional GPS Network (ARGN) 2. The Geoscience Australia Regional Network 
Associate Analysis Centre (RNAAC)

Site SLR VLBI GLONASS DORIS Absolute
Gravity

Tide
Gauge

Stromlo

Yarragadee

Tidbinbilla

Hobart

Darwin

Townsville

Davis

Mawson

Casey

Macquarie Is.

Geoscience Australia participates in the IGS as an RNAAC by processing all IGS stations in the Australian Regional GPS Network (ARGN). The weekly combined SINEX 
result files are submitted to the Crustal Dynamics Data Information System (CDDIS) as Geoscience Australia’s role as an IGS type 2 Associate Analysis Centre.    Data 
processing is undertaken using the Bernese GPS Processing Software version 4.2.  Daily solutions are computed using the following strategy: L3 double differenced phase 
observable; No resolution of integer ambiguities; Elevation cut-off angle of 10° with elevation dependant weighting; Estimation of tropospheric zenith delay parameters at 2 
hourly intervals; IGS antenna phase centre variation model applied; IGS final orbits and EOPs held fixed; Station coordinates for a single station constrained (either TID2 or 
YAR1). Seven daily solutions are combined at the normal equation level to obtain the weekly solution output in SINEX format submitted to the CDDIS.   The Geoscience 
Australia RNAAC weekly SINEX solution files are included in the Type 2 GNAAC combination generated by the Massachusetts Institute of Technology (MIT) GNAAC 
Polyhedron solution.  A regularly updated analysis report can be found at http://www.auslig.gov.au/geodesy/sgc/gps/.

50 mm/yr

Ultra-Rapid
Rapid
Final Orbits

IGS EOP

IGS SSC

IGS RINEX

IGS Products

Karratha (KARR)

Alice Springs (ALIC)

Townsville (TOW2)

Tidbinbilla (TID2)

Ceduna (CEDU)

In this context in early 2000 a decision at Geoscience Australia was then made to develop a 24-hour a 
day online web based GPS processing service that would provide users with access to GDA94 based 
coordinates for Australian users, and ITRF for International users.  This service known as the 
Geoscience Australia Online GPS Processing Service or AUSPOS and is accessible via the Geoscience 
Australia web site at http://www.auslig.gov.au.  The AUSPOS service is clearly helping the Australian 
private sector in the growing International spatial information sector by providing access to a 
sophisticated GPS analysis system free of charge.  Feedback shows positive support for the service and 
Australian companies are competing internationally for contracts using the Geoscience Australia 
service as an important 'selling' point for own services.  Effectively every small survey/GPS 
organisation now has access to a sophisticated GPS analysis system.  Further development of the 
AUSPOS system is continuing.

The International GPS Service (IGS) and Geoscience Australia continue to have a strong relationship.  Geoscience Australia (formerly the Australian Surveying and Land Information Group, AUSLIG) currently provides data 
from 15 permanently tracking GPS stations to the IGS, these stations are known as the Australian Regional GPS Network (ARGN).  Future development of the ARGN will focus on the availability of near real time data and the 
augmentation of precise clocks and meteorological equipment at selected stations.  Additionally Geoscience Australia has been an IGS Regional Network Associate Analysis Centre (RNAAC), contributing an Australian regional 
GPS solution, for almost six years.  Apart from these contributions to the IGS, NMD is currently making use of IGS products, including precise GPS trajectories, Earth Orientation Parameters (EOP) and station coordinates and 
velocities in the delivery of an Internet based precise GPS processing service (AUSPOS) widely used by both the Australian and International GPS communities.  In this poster Geoscience Australia’s IGS related activities are 
reviewed.

The AUSPOS Overview

AUSPOS was designed and implemented with the following 
features and design goals;

• an easy to use web page interface; 
• dual frequency geodetic GPS data processing capability;
• standard web-browser direct upload or ftp;
• highest quality global GPS processing standards;
• 24 hour x 7 days a week service;
• rapid processing turnaround, < 15 minutes/file;
• results returned by email and ftp server;
• applicable anywhere on Earth; and
• GDA94 compliant for Australian users, ITRF elsewhere.

ARGN Overview.  Near real time data refers to a 30 second RINEX product available 1 hour after observation.  Coordinates are ITRF2000 @ 1/1/2000 on 
the GRS80 ellipsoid 

ITRF2000 Tectonic Velocities from ARGN/IGS GPS stations

Station Id Receiver Communication Near Real
Time

Met.
Equipped

GLONASS Clock Latitude (DMS) Longitude (DMS) Height(m)

Alice Springs, Australia ALIC Turbo Rogue Dial Up - - - Internal -23 -40 -12.4311 133 53 7.8577 603.2896

Casey, Antarctica CAS1 Turbo Rogue Internet - - - Internal -66 -17 -0.0932 110 31 10.9415 22.4703

Ceduna, Australia CEDU Turbo Rogue Dial Up - - - Internal -31 -52 -0.0017 133 48 35.3852 144.7722

Cocos Island, Australia COCO Turbo Rogue Internet Yes - - Internal -12 -11 -18.0561 96 50 2.285 -35.2501

Darwin, Australia DARW Ashtech ZXII3 Dial Up - - Yes Internal -12 -50 -37.3436 131 7 57.8579 125.1512

Davis, Antarctica DAV1 Turbo Rogue Internet Yes - Yes Rubidium (planned) -68 -34 -38.3625 77 58 21.4088 44.4217

Jabiru, Australia JAB1 Ashtech ZXII Dial Up . . . Internal -12 -39 -31.8665 132 53 38.0274 74.1514

Hobart, Australia HOB2 Turbo Rogue Internet Yes - - Hydrogen Maser -42 -48 -16.9711 147 26 19.4418 41.0829

Karratha, Australia KARR Turbo Rogue Dial Up Yes - - Internal -20 -58 -53.1554 117 5 49.8841 109.1777

Macquarie Island, Australia MAC1 Turbo Rogue Internet Yes - - Internal -54 -29 -58.3127 158 56 8.9988 -6.7634

Mawson, Antarctica MAW1 Turbo Rogue Internet - - - Internal -67 -36 -17.1596 62 52 14.5761 59.1501

Mount Stromlo, Antarctica STR1 Turbo Rogue Internet Yes - Yes Internal -35 -18 -55.9256 149 0 36.1868 799.9655

Tidbinbilla, Australia TID1 Turbo Rogue Internet - - - Hydrogen Maser -35 -23 -57.1421 148 58 47.9915 665.3609

Townsville, Australia TOW2 Turbo Rogue Internet Yes Planned - Rubidium (planned) -19 -16 -9.4137 147 3 20.4744 88.1595

Yarragadee, Australia YAR2 Turbo Rogue Dial Up Yes - Yes Caesium -29 -2 -47.6027 115 20 49.1123 241.2882
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1. Introduction
Antenna phase variations (PCV) and multipath (MP) are site dependent errors on GPS
stations, which can have a magnitude of several centimeters. Neglecting these errors can
cause severe problems in ambiguity resolution, but also for estimation of distance
dependent errors (e.g. troposphere) and coordinates.

Geo++® and IfE have developed an operational procedure to determine the absolute PCV
of an antenna in a field calibration completely independent from any multipath effects.
Subsequently, it is now possible to separate between PCV and MP error components.
Currently, a procedure is under investigation, which gives absolute carrier phase multipath
and can be used for absolute site multipath calibration.

Absolute PCV Corrections for Antennas

Absolute PCV Field Calibration:
� antenna is inclined and rotated around a nominal mean

phase center
� PCVs from subsequent observations are free of MP

(short−time observations)
� spherical harmonics used to model PCV

Characteristics:
� independent from geography and local site 
� not affected by reference antenna
� elevation and azimuth dependent PCV
� high precision and repeatability
� duration of calibration is some hours

� pre−requisite for Absolute Multipath Calibration
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Absolute PCV Field Calibration



2. Absolute Multipath Calibration/Basic Concepts

1st: separate MP:
� separation of PCV and MP by applying absolute

antenna PCV correction

2nd: separate Absolute MP:
� "decorrelation" of MP through fast and pseudo−

random movements of antenna by a robot
� multipath is "randomized" or "noisified" through fast

movements within a radius of two wavelengths

Simulation showing the decorrelation of MP through
movements of an antenna: 
� static multipath
� multipath from small linear motion towards reflector

(1 cm/s)
� multipath from slow circular motion (1 cm/s, 0.5 m

radius)
� multipath from actual pseudo−random motion of robot

(random positions within +/− two wavelengths)

Simulation of single difference between moving and static antenna: 
� superposition of original static multipath and decorrelated multipath of moving robot
� low−pass filtering gives static multipath of one single station (absolute)
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verification of Absolute Multipath
Calibration using two robots and one

antenna/site to be MP calibrated

decorrelation of MP with simulated data



3. Measurement Procedure and Multipath Adjustment/Representation

Measurement:
� station of interest is observed in

static mode with associated antenna
mount and antenna (in situ)

� robot with moving antenna is
temporary reference station during
calibration 

� PCV are corrected for both antennas 
� observations on the robot are

corrected by the eccentricity vector to
a nominal fixed point

� continuous pseudo−random motion
within +/− two wavelength around
fixed point in all directions

� over short distance single differences
between antennas on the robot and on
static station contain systematic MP of
the static station and "noisified" MP of
robot station

Adjustment/Representation: 
� modeling of MP corrections using

azimuth and elevation
� currently adjustment using spherical

harmonics (limitation)
� currently storage of corrections using

the Geo++ antenna file format, which
utilizes the correction in the same way
as PCV corrections
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simulation of observation difference between moving and static station

moving antenna on robot (decorrelated MP) and static
antenna (MP calibrated)

MP corrections shown in a sky plot



4. First Results after Applying MP Corrections

Analysis of Double Differences
(DD):
� example of absolute multipath 
� original DD of two static stations
� uncorrected DD with absolute

multipath signal from one station
and „noisified“ MP from moving
robot station; actually low−pass
filtered MP correction
superimposed

� corrected DD without multipath
signal

Selected DD with standard deviation:
� before and after correction
� moving average of 60 s

� reduction of noise in DD in both cases

Wavelet Analysis of DD:
� verification of MP reduction
� low frequencies are reduced
� high frequencies remain
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original DD of two stations, decorrelated stations and
superimposed correction; corrected DD

satellites 02−11 03−19 06−10 19−31

uncorrected

s [mm]
(1) 6.9 6.9 6.7 8.2

corrected 

s [mm]
(2) 5.2 5.6 5.2 7.2

reduction 

(1)/(2) [%]
(3) 24.6 18.8 22.4 12.2

moving average (60 s) 

of DD s [mm]
(4) 2.1 2.5 1.9 3.2

reduction 

(1)/(4) [%]
(5) 69.1 63.8 71.6 61.0

selected DD with standard deviation

different relative color scale for graphs, which makes
amplitudes not directly comparable



Analysis of Coordinates:

Comparison of short−term coordinate estimation:
� reference station is antenna on robot
� MP corrected for static antenna
� 60 s blocks used for L1 coordinate estimation
� differences to known position

� reduction of noise for estimated coordinates

Outlook:
Hard− and software will be improved to enable faster and more effective measurements.
Alternative models are investigated to substitute the spherical harmonics and to consider
variation of multipath under changing environmental conditions (e.g. humidity on
reflectors, SV orbit, snow). The absolute calibration of station dependent GPS error
components will lead to improved global, regional and local reference station and RTK
network services (e.g. IGS, SAPOS) as well as for precise GPS applications.

Acknowledgment:
The work of the project is funded by the German Ministry of Education, Science, Research and Technology
(Bundesministerium für Bildung, Forschung und Technologie, BMBF) and the German Aerospace Center
(Deutsches Zentrum für Luft− und Raumfahrt, DLR) under the grant 50NA9809.
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component north east height

uncorrected

s [mm]
(1) 2.44 1.93 4.29

corrected 

s [mm]
(2) 1.10 0.99 1.87

reduction 

(1)/(2) [%]
(3) 54.9 48.7 56.4

time series of 60 s−L1 coordinate estimations

The presented results are based on Böder, V., F. Menge, G. Seeber, G. Wübbena, M. Schmitz (2001). How to Deal With Station
Dependent Errors − New Developments of the Absolute Calibration of PCV and Phase−Multipath With a Precise Robot. Proceedings of
International Technical Meeting, ION GPS−01, Salt Lake City, Utah, USA.
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JPL FLINN PROCESSING SPECIFICATIONS

27No. Satellites
42No. Stations

30 hrsData Arc
5 minDecimation

GIPSY/OASIS II HP-Linux x4000
i686 / 1.7 GHz

4.75* hrsProcessing Time
1.4 GbDisk Space

Automatic Startup via UNIX "cron": 
ζζζζ=1800 km  OR  delay=4 days

*<4 hrs on i686 / 2.0 GHz
IGSAC Workshop 2002

Jefferson, et al.  01



JPL IGS ANALYSIS CENTER PRODUCTS:
FINAL (FLINN)

ftp://sideshow.jpl.nasa.gov/pub/jpligsac
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JPL IGS ANALYSIS CENTER PRODUCTS:
RAPID (Quick-Look)

ftp://sideshow.jpl.nasa.gov/pub/gipsy_products/RapidService/orbits
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JPL IGS ANALYSIS CENTER PRODUCTS:
ULTRA-RAPID

ftp://sideshow.jpl.nasa.gov/pub/gipsy_products/UltraRapid
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JPL IGS ANALYSIS CENTER PRODUCTS:
15-MIN (Real-Time)

ftp://sideshow.jpl.nasa.gov/pub/15min

jplwwww[0-6].clk.Z

jplwwww[0-6].sp3.Z

jplwwww[0-6].tro.Z

jplwwww[0-6].yaw.Z
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MAJOR STRATEGY CHANGES: 2000

APPLY P1-CA BIASES FOR CROSS-CORRELATING RECEIVERS
(00APR02)

SWITCH FROM ITRF97 TO IGS97 (00JUN04)

USE USNO, NRC1, PIE1, ALGO, PENT, FAIR AS REFERENCE
CLOCK CANDIDATES (00JUL30)

USE RECOMPUTED ASHTECH-BASED P1-C1 BIASES (00AUG27)

USE BENCHMARK-BASED P1-C1 BIASES (00OCT15)

USE RAY '95 SUB-DAILY EARTH ORIENTATION MODEL (00NOV12)

IGSAC Workshop 2002
Jefferson, et al. - 03a



MAJOR STRATEGY CHANGES: 2001

USE RECOMPUTED ASHTECH-BASED P1-C1 BIASES (01FEB18)

USE MULTI-PLATFORM (HP-UX, SunOS, Linux) "daily" SCRIPT
(01APR01)

ADJUST PARAMETER APRIORI TOLERANCES (01MAY06):
          UT1-UTCRATE     100 sec/day -> 3 ms/day
     X,Y POLERATE     50 mas/day -> 5 mas/day
     P-CODE OUTLIER    5 m       -> 2 m
     PHASE OUTLIER   2.5 cm      -> 2 cm

SWITCH FROM IGS97 TO IGS00,  USE IERS-2000 STANDARDS
AND TIDE MODELS (01DEC02)

IGSAC Workshop 2002
Jefferson, et al. - 03b



MAJOR STRATEGY CHANGES: 2002

HIGH-RATE CLOCKS SPAN 30 HOURS (02JAN20)

OCEAN LOADING MODELS: (02MAR03)
     - 5-min ocean function (Pavlis & Saleh '01)
     - FES99 (short period)
     - Self-consistent Equilibrium (long period)

Upgrade FLINN from 42 to 60 stations:
Overlaps       7 cm ==>       5 cm
Zeta         1733 km ==> 1547 km

IGSAC Workshop 2002
Jefferson, et al. - 03c

Future Plans
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RECENT JPLIGS AC PRODUCT QUALITY:
ORBITS and STATION COORDINATES

(January, 2002)

Zeta (km)# StationsPositions (mm)
N      E       V3D Orbit (cm)DeliveryProducts

1726423       5       86WeeklyFinal-Flinn

223735 5       8      119DailyQuick-Look

281530*13     25     2721Twice per dayUltra-Rapid

24053510     21     3027Every 15 min"Real-Time"

IGSAC Workshop 2002
Jefferson, et al. - 05

(*35 beg. Feb '02)
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IGS LEO - CHAMP Orbit Campaign Status
Henno Boomkamp, John Dow,  ESA/ESOC                                                              http://nng.esoc.esa.de/gps/campaign.html

Orbit comparison analysis

Contributed orbit solutions

Orbit difference envelope (cm)
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Introduction

The CHAMP Orbit Comparison Campaign started
in October 2001 and will continue as long as new
orbit solutions are contributed, or while updates to
existing solutions are made.

The objectives of the Campaign are to assess the
current levels of POD precision for CHAMP, and
to assist the Associate Analysis Centres in their
efforts to improve LEO POD methods.

Participating Centres provide a POD solution for
CHAMP, for the Campaign period from day 140 to
150 of the year 2001 (May 20 to 30).

At ESOC the pair-wise differences are computed
for all solution pairs, and SLR residuals are
computed for each input orbit. By combining the
information from the orbit comparisons and from
the SLR analysis, an estimate of the absolute orbit
error in each solution can be derived.

Similar Campaigns are planned for the JASON and
GRACE satellites as soon as their flight receiver
data is released.

Centre Summary of POD Method
AIUB Reduced dynamics solution using positions and position differences from a kinematic solution as pseudo-observations. Parameters: 6 initial state, 15 dynamical

parameters, stochastic pulses 3D every 10 minutes. Kinematic solution from pseudoranges and phase differences. GPS orbits and clocks fixed to CODE solutions.
CNES Reduced dynamic solutions. Accelerometer data and attitude control events are not used. The measurements are zero-difference pseudorange measurements

reconstructed from phase with adjusted ambiguities using the code (code smoothed with phase).
CSR Dual frequency double-differenced pseudo-range and carrier phase. Dynamic solution (TEG4), GPS fixed to IGS final, CHAMP attitude GFZ. Parameters: CHAMP

orbit: 6 initial states, drag coef 1.5 hour, 1-CPR along/cross-track 0.8 hours. Ambiguity parameters, tropospheric parameters, champ Z-offset parameter.
DEOS Triple differenced phase data. Dynamic, using GEODYN - TEG4 gravity field. Empirical parameters included to compensate dynamic modelling deficiencies.

ESOC Kinematic approach based on sequential filter GPSBET. Data: undifferenced pseudorange and phase data, using GPS orbits and clocks from ESOC contribution to
IGS. Dynamic solutions under preparation.

GFZ Third generation Rapid Science Orbits from March 2002. Dynamic orbit solution (EIGEN gravity field) from onboard GPS SST data only. No accelerometer data
and no SLR data are incorporated.  Attitude + thruster data is used. GPS orbits and clocks from a preparation run before the CHAMP POD - no IGS outputs used.

GRGS Reduced dynamic solutions, GPS only (Range + Phase). Zero-difference observables, GPS satellite orbits fixed to IGS solution but GPS satellite clocks fixed to a
priori computed values.

JPL Undifferenced dual frequency pseudorange and carrier phase measurements. Method: First, dynamic orbit solution for estimating global perturbing force parameters,
then reduced-dynamic filtering to estimate remaining perturbing accelerations as stochastic time series.

NCL First, the initial conditions, drag, once-per-revs, phase biases and CHAMP clock are solved to produce a converged dynamic orbit.  Then the once-per-revs and drag
scale factors are held fixed and a stochastic empirical acceleration introduced to allow a kinematic element into the POD process.

TUM Reduced-dynamic solution, double-difference carrier phase measurements (sampling 30 sec). CHAMP attitude, CODE GPS orbits/clocks. Several solutions
submitted to the campaign; the most precise TUM solution (fine ambiguity resolution, 'boot-strap' method) is still incomplete due to large CPU load.

UCAR Kinematic position and position differences using undifferenced pseudorange and time-differenced phase observations, followed by smoothing using a dynamic
model. Enhancements in LEO POD software are expected in early 2002.

UNB Point-positioning solution, phase connected. Platform independent GPS-only solution.

cm CSR GFZ TUM NCL GRGS DEOS JPL AIUB CNES ESA UNB UCAR

CSR * 2 5 1 13 8 17 2 2 3 0 39 52 61

GFZ 10.94 * 3 4 9 10 15 2 4 2 7 38 48 57

TUM 11.82 11.52 * 6 7 14 18 2 5 2 6 37 46 58

NCL 9.14 11.60 12.94 * 11 12 16 2 3 2 9 40 49 59

GRGS 15.67 14.09 13.56 15.21 * 19 20 3 1 2 8 42 47 60

DEOS 13.64 14.80 15.71 15.57 18.40 * 21 3 4 3 6 43 50 56

JPL 18.23 17.52 18.39 17.77 20.53 21.20 * 3 2 3 5 41 51 63

AIUB 24.53 25.47 25.48 24.80 27.30 29.35 27.61 * 3 3 44 55 65

CNES 27.18 26.48 26.41 26.92 26.85 29.73 29.35 29.10 * 45 53 64

ESA 30.66 30.43 30.33 30.71 31.80 33.26 31.34 35.91 36.53 * 54 62

UNB 61.60 60.70 60.52 60.93 60.54 61.48 61.54 79.52 63.72 63.91 * 66

UCAR 152.36 151.60 151.56 151.97 151.97 151.24 152.80 154.50 153.08 152.63 162.44 *

Top triangle Location of the pair-wise comparison curve in the Figure
Bottom triangle RMS of orbit differences over the 22000 comparison points
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For further information please contact Henno.Boomkamp@esa.int , ESA / ESOC, Robert-Bosch-Strasse 5, D-64293 Darmstadt, Germany

Orbit precision estimates
The RMS of SLR residuals from individual orbits
can be used to construct a pair-wise RMSAB from

RMS
2
AB = RMS

2
A + RMS

2
B.

This relation is valid as long as the solutions A and
B are independent. In that case, the pair-wise RMS
of orbit errors with respect to the true CHAMP orbit
also follows from this relation. This pair-wise orbit
error is given by the orbit comparison RMS.

The ratio between the pair-wise orbit error and the
pair-wise SLR residuals turns out to be nearly
constant. If the two least accurate solutions are
disregarded, as well as solution pairs that are
suspected to be dependent, an empirical relationship
is found between SLR residuals and orbit error:

RMS(orbit) = (1.52 ± 0.18) RMS(SLR)

From elementary statistical analysis it follows that
this same relation applies to the single orbit results.
This provides estimates for the absolute orbit error
in each contributed solution.

SLR  residual analysis
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The same set of 1710 SLR observations is used to
compute residuals for all orbit solutions. Stations
1873 and 7237 were rejected, as well as two bad
passes from stations 1884 and 7835. Individual bad
measurements were rejected on the basis of a 1.5
sigma winodw around the three most precise orbits.SLR residuals (cm) per station and per orbit solution

Conclusions

The complementary information from orbit comparisons and SLR analysis makes it possible to estimate the absolute orbit error in the
contributed solutions. As shown in the Table below, the most precise CHAMP orbits show orbit errors below 10 cm RMS. The GRACE mission
can take direct advantage of the experience with CHAMP, while JASON is not expected to pose new POD problems due to its higher orbit. LEO
POD based on GPS is reaching a precision level that allows for realistic combination solutions for LEO and GPS.

   CHAMP Orbit Campaign
Orbit precision estimates (cm)

Stations:

cm CSR GFZ TUM NCL GRGS DEOS JPL AIUB CNES ESA UNB UCAR

CSR * 1.671 1.678 1.055 1.805 1.360 1.617 1.709 1.891 1.738 2.205 2.099
GFZ 6.55 * 1.582 1.309 1.587 1.452 1.534 1.760 1.827 1.716 2.168 2.087

TUM 7.05 7.28 * 1.401 1.466 1.493 1.570 1.733 1.794 1.692 2.152 2.087
NCL 8.66 8.86 9.23 * 1.444 1.334 1.393 1.595 1.730 1.649 2.133 2.087

GRGS 8.68 8.88 9.25 10.54 * 1.575 1.608 1.755 1.724 1.707 2.119 2.087

DEOS 10.03 10.20 10.52 11.67 11.68 * 1.546 1.796 1.817 1.724 2.119 2.072

JPL 11.27 11.42 11.72 12.75 12.77 13.72 * 1.611 1.711 1.570 2.089 2.088

AIUB 14.35 14.47 14.71 15.55 15.56 16.34 17.14 * 1.506 1.643 2.584 2.096
CNES 14.37 14.49 14.72 15.56 15.57 16.36 17.15 19.32 * 1.607 2.070 2.076

ESA 17.64 17.73 17.93 18.62 18.63 19.29 19.97 21.86 21.87 * 1.970 2.051
UNB 27.94 28.00 28.12 28.57 28.57 29.01 29.46 30.77 30.78 32.44 * 2.095

UCAR 72.59 72.61 72.66 72.83 72.83 73.01 73.19 73.72 73.73 74.43 77.52 *

Top triangle Pair-wise value (RMS of orbit error) / (RMS of SLR residuals)
Bottom triangle Pair-wise RMS of SLR residuals from RMS2

AB = RMS2
A + RMS2

B
Grey values were excluded from the orbit error estimation process
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cm Nr obs Mean Sigma RMS Estimated orbit error
CSR 1710 0.02 4.44 4.44 6.75
GFZ 1710 0.75 4.76 4.81 7.31

TUM 1710 2.55 4.84 5.47 8.31
NCL 1710 -0.61 7.41 7.44 11.31

GRGS 1710 4.09 6.20 7.46 11.34
DEOS 1710 -1.93 8.78 8.99 13.66

JPL 1710 2.39 10.08 10.36 15.75
AIUB 1710 2.69 13.39 13.65 20.75
CNES 1710 0.47 13.67 13.67 20.78

ESA 1710 2.75 16.86 17.07 25.95
UNB 1384 0.75 27.58 27.58 41.92

UCAR 1710 6.85 72.15 72.45 110.12

IGS

CSR GFZ TUM NCL

GRGS DEOS JPL AIUB

CNES ESA UNB UCAR



Continental Plate Rotations Derived from International GPS Service 
Station Coordinates and Velocities, 1996-2002 

 
D. Hutchison1  

1Natural Resources Canada, 452-615 Booth St., Ottawa, Ontario  K1A 0E9 
Phone: 613-995-4379, Fax: 613-995-3215, Email: hutch@geod.nrcan.gc.ca 

 
International GPS Service (IGS) Analysis Centres (ACs) currently compute daily 

precise station coordinates and Earth Rotation Parameters (ERPs). From these, weekly results 
are computed and forwarded to three Global Network Associate Analysis Centres 
(GNAACs) in an established ASCII format known as Solution Independent Exchange 
(SINEX). The GNAACs then combine these results on a weekly basis. On behalf of IGS, 
Natural Resources Canada (NRCan) combines all weekly SINEX files from the ACs to form 
a weekly and a cumulative solution and compares the results with those obtained by the 
GNAACs.  Since GPS week 1143, all the solutions have been aligned to an IGS realization 
of ITRF 2000, the Year 2000 International Terrestrial Reference Frame (IGS00, 54 stations). 
The weekly solution contains estimates of station coordinates and ERPs pertaining to the 
GPS week, and the cumulative solution contains station coordinates and velocities at epoch 
Jan. 1, 1998. IGS00 is a subset of the cumulative solution for GPS week 1131, itself aligned 
to ITRF 2000. Before GPS week 1143, NRCan’s weekly and cumulative solutions were 
aligned to an IGS realization of ITRF 2000’s precursor, ITRF97, called IGS97. The latter is 
a 51-station subset of the cumulative solution for GPS week 1046 transformed to ITRF97. 

 
Using the cumulative solution from any given week, we estimate rotation components 

(Euler vectors ) of any continental plate represented and compare them statistically with 
results from published literature and two known plate motion models: NNR NUVEL 1 and 
NNR NUVEL 1A. As of week 1162, some 215 stations and 19 plates are represented. Mean 
residual velocities are also computed with respect to each plate, thus providing net residual 
velocities over all stations with respect to both plate motion models.  

 
Statistical tests from the cumulative solution for GPS week 1162 (labeled IGS02P16 

for the 16th week of the year 2002) indicate that motions derived from IGS results for the 
Eurasian, Pacific and Australian Plates differ significantly from predictions of either model. 
(The Philippine, Cocos, Juan-de-Fuca, Scotia and Rivera Plates are not analyzed.) For 
Eastern and South-East Asia, some significant differences are shown to exist between station 
velocities observed from IGS02P16 and those expected from the computed plate rotation for 
Eurasia (without China) derived from IGS02P16. The mean misfit between recorded 
horizontal velocities on plates with two or more stations and those predicted from appropriate 
Euler vectors for IGS02P16 is approximately 1.5 mm/yr. Major plates such as North 
American, South American, Eurasian, Pacific, Australian and Caribbean show horizontal 
misfits of 1 mm/yr or less. Mean vertical misfit for IGS02P16 is approximately 6 mm/yr. 



 



NRCan Analysis Centre Contributions to the IGS

B. Donahue, P. Héroux, C. Huot, D. Hutchison, J. Kouba, Y. Mireault and P. Tétreault
Geodetic Survey Division (GSD)

Natural Resources Canada
Ressources naturelles Canada

Abstract

As part of Natural Resources Canada (NRCan), the primary role of  the Geodetic Survey
Division (GSD) is to maintain, continuously improve, and facilitate efficient access to what
is now known as the Canadian Spatial Reference System (CSRS).  The CSRS serves as a
reference for all positioning, mapping, charting, navigation, boundary demarcation, crustal
deformation, and other georeferencing needs within Canada.  While continuing to serve
ongoing requirements for survey control, the growing demands of GPS users in particular
have resulted in a new focus for the Division, a focus on supporting positioning from space.
The Canadian Active Control System (CACS) was established during the 1990's to
facilitate GPS user access to the CSRS. NRCan participation in IGS is an efficient way of
providing for Canada a positioning and navigation infrastructure based on modern
technologies and international standards. NRCan has been an IGS Analysis Center (EMR)
since the 1992 initial IGS pilot phase. This poster lists some of NRCan current
contributions to IGS and describes recent modifications, innovations as well as on-going
and up-coming developments.
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1.1 Final and Rapid Processing Strategy Modifications since GPS Week 1082

1090 Following implementation of precise point positioning (fixing igr orbits and clocks) to validate stations carrier phase and pseudorange
observations for Final solution (GPS week 1070), station pseudorange observations can now be excluded from processing.

1097 Adoption of new set of <P1-C1> bias values (v2.0) to transform cross-correlated pseudorange observations into synthesized non cross-
correlated.

1100 Implementation of precise point positioning (fixing igu orbits and clocks) to validate stations carrier phase and pseudorange observations
for Rapid solution.  This procedure was discontinued after week 1110 due to problems arising from limitations in the accuracy of ultra-
rapid clock estimations.

1106 Adoption of new set of <P1-C1> bias values (v2.1) to transform cross-correlated pseudorange observations into synthesized non cross-
correlated.

1121 Began applying sub-daily (12h/24h) ocean tides in the transformation from inertial to Earth-fixed coordinates (sp3) as recommended by
IGS/IERS.

1139 Implementation of JPL’s GIPSY-OASIS Version 2.6 software for Final solution (Figure 1a).

1142 Implementation of JPL’s GIPSY-OASIS Version 2.6 software for Rapid solution (Figure 1b).
1143 Adoption of IGS00 (IGS realization of ITRF 2000) station coordinates and velocities.

1145 Re-aligned NRCan UT1-UTC value to VLBI derived value (Bulletin A) on day 0 and then resumed our normal daily estimation
procedure for UT1-UTC.

1150 Adoption of new set of <P1-C1> bias values (v2.4) to transform cross-correlated pseudorange observations into synthesized non cross-
correlated.

1153 Adoption of new version of cc2noncc software (v3.0) for transforming cross-correlated pseudorange observations into synthesized non
cross-correlated.  Version 3.0 also includes C1, Y-codeless receivers in addition to cross-correlated receivers.  

1. NRCan Final and Rapid Products (EMR)
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Figure 1b

EMR Final Orbit Daily RMS w.r.t  IGS
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1.2 IGS97 to IGS00 Discontinuities in NRCan Rapid Products for GPS Week 1157

Solutions RX(mas) RY(mas) RZ(mas) Sc(ppb) TX(cm) TY(cm) TZ(cm)
-PMy -PMx DUT1

NRCan Orbits 0.020 0.034 -0.141 -0.059 -0.003 0.848
Sigma 0.021 0.029  0.027   0.045  0.098 0.165

NRCan EOP 0.010 0.022 -0.202
Sigma 0.021 0.028  0.054

NRCan Stations -0.023 -0.037 -0.173 -0.957 -0.286 -0.276 2.648
Sigma  0.019  0.019  0.039  0.113  0.050  0.065 0.101

IGS Realization -0.024 -0.004 -0.159 -1.451 -0.45 -0.24 2.60
Sigma  0.092  0.099  0.076  0.270  0.41  0.50 0.75

Note: NRCan results were estimated processing GPS week 1157 (March 10-16, 2002)
          using both IGS97 and IGS00 coordinates and velocities along with their associated sigmas.
          IGS results refer to epoch 02-Dec-2001 (GPS week 1143-0 )
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2. NRCan Ultra Rapid Product (EMU)

2.1 Ultra Rapid General Information (EMU)

• Use of Bernese v4.2 (HP-UX 11.0)
• Fully automated

2.2 EMU History and Changes

• Mar 20, 2000:First EMU submission for IGU
• Dec 12, 2000: Started using an orbit fit (IGR, IGU, EMU)

• Jan 15, 2001: Satellite de-weighting implemented
• June 2001: Started submission of 1hr TZD to G. Gendt

• Jul 12, 2001: Improved station selection
• Sep 15, 2001: Improved pole estimates

• Oct 18, 2001: Use of ADDNEQ2 from Bernese
• Dec 02, 2001: Adoption of IGS00

2.3 EMU Future Work

• Improve EMU’s orbit estimated portion (1st 24 hrs)
• Estimate satellite clocks ??? (Major CPU limitation !!!)
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2.4 IGS Hourly Stations Used and Ftp’ed

• About 80 IGS hourly stations are ftp’ed regularly
• Only missing stations are retrieved from the following 4 Data Centres:
 CDDIS, SIO, BKG, AUSLIG

• About 35 stations are regularly processed
• 2-4 ftp’s per hour are performed to each of the above Data Centre
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2.5 EMU Processing Strategy

• Processing is done in 3 hr sessions, i.e. 0-3; 3-6; 6-9;… 21-24
• Processing time for one 3 hr session is about 50min (35 stations)

• Each 3 hr session is delayed by 1h to maximize the number
 of stations processed

• Apriori orbits are the EMU solution from the previous 3 hr session.
 Other choices are: IGU and BRD
• Apriori ERP is the IERS Bulletin A

• Normal EQuation files (NEQ) are created for every 3 hr session
• Parameters estimated are orbits, station xyz, real ambiguities, ERP and TZD

• EMU orbits are produced in 2 steps:

• A first EMU orbit is generated using at most sixteen (16) 3-hr NEQ files
• A second and "final" EMU orbit is produced by fitting the IGS Rapid
  and/or Ultra Rapid orbits (already available) along with our first Ultra
  Rapid from step 1.  Altogether, a minimum of 2 days and a maximum of
  3 days worth of Rapid/Ultra Rapid orbit fitting are performed on a
  regular basis

• Each EMU orbit file contains orbit positions for 48 hrs: a 24 hr real or estimated
 portion followed by a 24 hr prediction portion.
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2.6 EMU Results with respect to IGU

Comparison of EMU Orbits and IGU:
WRMS, Median RMS, RMS offset by 50 cm
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Comparison of EMU Orbits and IGU:
Rotations/Scale (Rx, Ry, Rz / Scale offset by 2 mas/ppb)
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2.7 EMU Results with respect to IGR

Comparison of EMU Orbits and IGR:
Translations (Tx, Ty, Tz offset by 4 cm)

 Period: 2001-May-20 to 2002-Mar-26
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Comparison of EMU Orbits and IGR:
Rotations/Scale (Rx, Ry, Rz / Scale offset by 2 mas/ppb)
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On-line Web GPS Processing
using Bernese and IGS Products
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BOGO North Component (doy 073 & 074 2002)
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BOGO East Component (doy 073 & 074 2002)
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BOGO North Component (doy 076 & 078 2002)
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BOGO East Component (doy 076 & 078 2002)
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BOGO Up Component (doy 076 & 078 2002)
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INTRODUCTION

We would like to highlight a new project which has been started in our Institute.
This is a service which enables users to process automatically their own GPS
data through our Internet Web site.
The user is requested to fill out the form (on the right) and send RINEX file to
our computer. Then our system begins to start. It downloads all necessary things
to make processing, process data and afterwards sends results back to the user.

The poster presents brief description of the service as well as some first tests
performed using it.
However due to some technical problems it is not opened for users for now and
it is still in testing mode.

DESCRIPTION OF THE SERVICE

It is based on Bernese 4.2 GPS Processing Software.
We do not use BPE and original panels (only main programs are used).
Script which controls automated processing, prepares all
necessary input files and some others things have been written in
Perl language.

SOFTWARE:

STRATEGY:

- entire processing is carried out in network mode (star strategy with user station
at the center)

- closest station is fixed/heavily constrained
- using Bulletin A Earth Orientation Parameters
- using the best available orbits at the time of request
- ambiguity resolution QIF
- tropospheric parameters are set up according to session length
(session length is divided into 2 hours intervals whithin which one
tropospheric parameter for each station is estimated, if the last (remainig)
interval is longer than 1 hour then additional parameter is set up, if it is not,
previous interval is increased by the remaining interval)

EXPERIMENTS

We have performed some tests to find out what would be expected
accuracy of this service.

We chose four Polish stations: BOR1, JOZE, LAMA and BOGO and
treated BOGO as station submited by the user.

Therefore three different session lengths (but not very long) have
been tested: 1, 2 and 4 hours sessions.

The figures on the right show changes of the components: north, east
and up for 4 days (73, 74, 76, 78 of 2002) of the station BOGO.

Days 073 and 074 were computed using CODE final orbits and days
076, 078 were computed using CODE rapid orbits.

We expect that main users will be surveyors who will submit several
hours observation files.

Scheme ot tested network

RMS [cm]

Interval North East Up

1h 1.2 2.6 4.1

2h 0.9 1.1 2.5

4h 0.3 0.3 2.5

RMS [cm]

Interval North East Up

1h 1.0 2.4 3.9

2h 0.5 1.0 1.9

4h 0.2 0.2 1.4

Appearence of the application form. User has to specify name of his (or her) RINEX file, type of the
receiver and antenna, height of the antenna and e-mail address. The upload is performed using CGI
script.

Variant 1: CODE final orbits, Bulletin A ERPs
and ITRF2000 coordinates used.

Variant 2: CODE rapid orbits, Bulletin A ERPs
and ITRF2000 coordinates used.

Table below showsRMSs obtained
from 1st variant for days 073 & 074

Table below shows RMSs obtained
from 2nd variant for days 076&078
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Identifying user file.
Is it RINEX?
Defining session (start, end)
Getting orbits
Single Point

Stations definition
Getting lists of stations from
IfAG, CDDIS, LOX

Compute distances between user point
and all stations specified in coordinate
files
Finding 3 closest stations

(no optimization with respect to shape
of the network)
Download 3 stations

(min. dist. 100m, max. dist. 1000km)

Checking downloaded files
Checking if the files have common
epochs with user file
Checking if receiver and antenna types
exist in PCV file

Processing
Process observations according to
described strategy
Helmert transformation to reference
frame

End
Checking if there are any errors
which may have occured during
processing
Making report file
Sending report file to user

Simplified scheme of service.

The services does not allow to process observations stemming from one frequency receivers.
Observations have to be performed within one UT day.
For now we do not make use of hourly data from IGS/EUREF sites. We use only daily files, therefore
observations should be at least from previous day.
It is not possible to upload more than one file at once.

LIMITATIONS:

TO DO:

We would like to minimize
list of limitations (the most important
thing for us is to set up support for
one frequency receivers).

Optimization with respect to shape
of the network while defining
permanent stations to process (not
only distance).

And of course make it finally available
for users.

We do not recommend to send data
below 1 hour length.

Two tables below show expexted
accuracy with respect to different
session lengths.
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