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Abstract

Applications of the Global Navigation Satellite Systems (GNSS) to Earth Sciences are
numerous. The International GNSS Service (IGS), a voluntary federation of government
agencies, universities and research institutions, combines GNSS resources and expertise
to provide the highest—quality GNSS data, products, and services in order to support
high—precision applications for GNSS-related research and engineering activities.

This IGS Technical Report 2025 includes contributions from the IGS Governing Board,
the Central Bureau, Analysis Centers, Data Centers, station and network operators,
committees, pilot projects, and others highlighting status and important activities,
changes and results that took place and were achieved during 2025.

This report is available in electronic version at
https://files.igs.org/pub/resource/technical_reports/2025_techreport.pdf.

The IGS wants to thank all contributing institutions operating network
stations, Data Centers, or Analysis Centers for supporting the IGS. All
contributions are welcome. They guarantee the success of the IGS also in
future.
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IGS Governing Board
Annual Report 2025

Rolf Dach!, Elisabetta D’Anastasio?, Camille Martire?

L IGS Governing Board Chair
Astronomical Institute, University of Bern (Bern, Switzerland)
2 IGS Governing Board Vice Chair
Earth Sciences New Zealand (Lower Hutt, New Zealand)
International GNSS Service Central Bureau Acting Director,
Central Bureau Deputy Director, and Governing Board Executive Secretary;
NASA Jet Propulsion Laboratory, California Institute of Technology
(Pasadena, California, USA)

1 Introduction

The International GNSS Service (IGS, where GNSS stands for Global Navigation Satel-
lite Systems) offers an operational service to science and society providing free and openly
available fundamental, high-quality geodetic GNSS-based products (GNSS satellite orbits,
clock corrections, contributions to the terrestrial reference frame, and Earth rotation pa-
rameters). These activities have been on-going since the IGS’ inception. Over the past
three decades, IGS has extended its activities to a number of applications based on GNSS
data, supporting weather monitoring, ionosphere characterization, geodynamic or sea level
change studies.

At the same time, the IGS also reduced the latency of its products: the development
started with a final series with a latency of two weeks where a rapid series was quickly
added with a latency of less than one day. Since the year 2000 an ultra-rapid product
line has also been generated, with four updates per day at a latency of only 3 hours,
including an orbit prediction of 24 hours. Finally, the IGS Real-Time Service (RTS)
became operational in April 2013.

It is in particular remarkable that all these activities have been conducted on a voluntary
basis by a collective effort from many contributing agencies and institutions around the
world. The quality of IGS products has continuously improved over time, and is nowadays
a demonstration of the tremendous effort invested by the many people worldwide who
provide the necessary work for the IGS. A guiding principle since the beginning of IGS
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was (and still is) the free access to high-precision GNSS data and products and an open
exchange of experience and knowledge. The IGS is currently on the path towards a full
multi-GNSS service with new multi-GNSS stations in the core network, extending the
receiver antenna calibrations to new frequencies, and including all GNSS signals in the
product generation. Several groups within the IGS community are currently working on
developing a full multi-GNSS product combination for generating orbits and satellite clock
products. This will be the last step of significant efforts towards a multi-GNSS service.

The IGS is led by the Governing Board (GB), elected by Associate Members (AMs)
who represent the IGS community. The GB discusses the activities of the various 1GS
components, sets policies and monitors the progress with respect to the agreed strategic
plan and annual implementation plan.

The GB continues to engage with our International User Community and their partner
organisations, including the International Association of Geodesy (IAG), the International
Committee on GNSS (ICG), and the Global Geodetic Observing System (GGOS). Accord-
ingly, some GB members also participate in the governance of IAG and GGOS bureaux,
commissions, and Working Groups (WGs); this ensures that the IGS retains its strong level
of international interconnectivity, significance, and sustainability. Importantly, GB mem-
bers also participate in the United Nations Global Geospatial Information Management
(UN-GGIM) and United Nations Global Geodetic Centre of Excellence (UN-GGCE) ef-
forts on Geodesy, which aims to enhance the sustainability of the global geodetic reference
frame through intergovernmental advocacy for geodesy.

The IGS GB typically holds one in-person meeting per year aligned with key IUGG,
IAG, and/or IGS conferences and workshops. Furthermore, the GB was happy to return
to in-person community workshops, especially on the occasion of celebrating 30 years of
operations with an IGS Symposium and Workshop in July 2024 in Bern, Switzerland.

2 Membership and Governance

2.1 Membership Growth and Internal Engagement

The IGS membership consists of the Governing Board (GB) members, the Central Bureau
(CB) members, and the Associate Members (AM). At the end of 2024, IGS counted over:

e 300 AMs (representing 46 countries/regions),
e 150+ contributing organizations participating within the IGS, including:

— 100+ agencies operating GNSS Network Tracking Stations,
— 6 Global Data Centers,

— 13 Analysis Centers,

— 31 Associate Analysis Centers,
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5 Product Coordinators,

22 Regional /Operational & Project Data Centers,
— 10 Committees

— 4 Pilot Projects, and

— 1 Working Group.

The Governing Board’s 53 members guide the coordination of all of the aforementioned
parties. The Central Bureau’s 7 members function as the executive office of the Service
holding all of the components of the IGS together by providing continuous management,
technological support, and coordination of the IGS Information Systems, website, and
outreach activities (see also the Central Bureau’s Executive Report).

2.2 Current Status of the IGS Governing Board

The GB continues to be led by Rolf Dach (AIUB, Switzerland) in collaboration with GB
Vice-Chair Elisabetta D’Anastasio (Earth Science New Zealand, New Zealand). Allison
Craddock (NASA JPL, USA) continued her appointment as CB Director in collaboration
with CB Deputy Director Camille Martire (NASA JPL, USA) until she stepped down in
August 2025. Table | summarises the status of the Governing Board membership at the
end of this year. Table 2 lists the IGS Component Vice-Chairs, who are de facto deputies
to the corresponding IGS Component Chairs; they are not official members of the GB but
play an important role in supporting it.


https://igs.org/governance-management/#governing-board
https://igs.org/governance-management/#central-bureau
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Table 1: Members of the IGS Governing Board as of January 2025.
Involvement is either of the following:
V if voting member, EC if member of the Executive Committee; observer otherwise.

Role Name Affiliation Country V EC
Board Chair Rolf Dach Astronomical Institute, Uni- Switzerland V EC
versity of Bern
Board Vice Chair Elisabetta Earth Sciences New Zealand New VvV EC
D’Anastasio Zealand
CB Director* Allison Craddock NASA Jet Propulsion Labora- USA V EC
tory
CB Acting Director* Camille Martire NASA Jet Propulsion Labora- USA V EC
tory
CB Deputy Director* Camille Martire NASA Jet Propulsion Labora- USA EC
tory
GB Executive Secretary Camille Martire NASA Jet Propulsion Labora- USA EC
tory
Network Coordinator David Maggert Earthscope Consortium USA
AC Coordinator (ACC) Taylor Yates NASA Goddard Space Flight USA V EC
Center (GSFC)
AC Coordinator (ACC) Thomas Herring Massachusetts  Institute of USA VvV EC
Technology (MIT)
AC Coordinator (ACC) Salim Masoumi Geoscience Australia Australia
AC Representative Simon Banville NRCan - Natural Resources Canada A%
Canada
AC Representative Sylvain Loyer Collecte Localisation Satellites France \%
(CLS)
AC Representative Benjamin Mé&nnel GFZ Helmholtz Centre for Germany \%
Geosciences
DC Coordinator* Benjamin P. NASA Goddard Space Flight USA
“Pat” Michael Center (GSFC)
DC Representative Chaminda SULECO Sri Lanka 'V
Senavirathne
Network Representative Rui Fernandes University of Beira Interior Portugal A\
(UBI); Institute Dom Luiz
(IDL); SEGAL (UBI/IDL)
Network Representative Ryan Ruddick Geoscience Australia Australia V EC
Network Representative Wolfgang Séhne Federal Agency for Cartogra- Germany V
phy and Geodesy (BKG)
Appointed Member Kyohei Akiyama National Space Policy Secre- Japan \%
tariat (NSPS), Cabinet Office
Appointed Member Fernand Balé Bureau National d’Etudes Cote \%
Techniques et de Développe- d’Ivoire
ment
Appointed Member Neelu Kasat ISRO/ISTRAC - ISRO / India v
Telemetry Tracking and
Command Network
Appointed Member Babatunde Rabiu NSRDA - National Space Nigeria \%
Research and Development
Agency
Appointed Member José Antonio Tarrio  University of Santiago de Chile  Chile \%
Mosquera (USACH)
Appointed Member vacant n/a n/a v

Changes since the last IGS Technical Report are font-coded: structural changes are in bold, new GB
members are in bold italic. The * denote specific cases, with explanations detailed in the main text.
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Table 1: Members of the IGS Governing Board, as of January 2025 (cont.)
Involvement is either of the following:
V if voting member, EC if member of the Executive Committee; observer otherwise.

Role Name Affiliation Country VvV EC
Antenna Committee Chair  Arturo Villiger Federal Office of Topography Switzerland V
swisstopo
Bias and Ambiguity Jianghui Geng Wuhan University China \Y%
Resolution Committee
Chair
Bias & Calibration DISCONTINUED* n/a n/a n/a
Committee Chair
Clock Products Committee  Michael Coleman Naval Research Laboratory USA A%
Coordinator (NRL)
Infrastructure Committee Markus Bradke GFZ Helmholtz Centre for Germany V EC
Coordinator Geosciences
Tonosphere Committee Andrzej Krankowski  University of Warmia and Poland \Y%
Chair Mazury in Olsztyn
Real-Time Committee  Axel Riilke Federal Agency for Cartogra- Germany A%
Chair phy and Geodesy (BKG)
Reference Frame Commit- Paul Rebischung Institut National de France \Y%
tee Chair I'Information Géographique et
Forestiére (IGN)
RINEX-RTCM Committee  Francesco Gini ESA /European Space Opera- Germany \%
Chair tions Centre (ESOC)
SVOD Committee Chair Bingbing Duan TUM - Technische Universitdt Germany A%
Miinchen
Troposphere  Committee Sharyl Byram United States Naval Observa- USA A%
Chair tory
GNSS Monitoring Pilot Erik Schonemann European Space Agency / Eu- Germany \Y%
Project Chair ropean Space Operations Cen-
tre
Multi-GNSS Pilot Project Peter Steigenberger  Deutsches Zentrum fiir Luft- Germany \Y%
Chair und Raumfahrt (DLR)
PPP-AR Pilot Project DISCONTINUED* n/a n/a n/a
Chair
TIGA Pilot Project Chair  Médéric Gravelle ULR - Université de La France \%
& Guy Woppel- Rochelle
mann
Wuhan Combination Jianghui Geng Wuhan University China \%
Centre Pilot Project
DOI & Data Licensing Kirsten Elger GFZ Helmholtz Centre for Germany
Working Group Geosciences
IDEA Working Group Co-  Elisabetta Earth Sciences New Zealand New
Chairs D’Anastasio Zealand
Real-Time AC Coordina- Andrea Stiirze Federal Agency for Cartogra- Germany *
tor phy and Geodesy (BKG)
IGS Representative to Elisabetta Earth Sciences New Zealand New \%
IERS D’Anastasio Zealand
IGS Representative to Rolf Dach Astronomical Institute, Uni- Switzerland V
IERS versity of Bern
BIPM Representative to Patrizia Tavella Bureau International des Poids  France
the IGS et Mesures (BIPM)
FIG Representative to the Ryan Keenan Positioning Insights Australia
IGS
IERS Representative to Zuheir Altamimi Institut National de France \%
the IGS I'Information Géographique et 7
Forestiére (IGN)
GGOS President Laura Sénchez Deutsches Geodatisches  Germany \Y%
Forschungsinstitut, = Technis-
che  Universitdt  Miinchen
(DGFI-TUM)
IAG President Richard Gross NASA Jet Propulsion Labora- USA \%

tory

Changes since the last IGS Technical Report are coded: structural changes are in bold, new GB members
are in bold italic. The * denote specific cases, with explanations detailed in the main text.



IGS Governing Board

Table 2: IGS Component Vice-Chairs as of January 2025.

IGS Component Vice Name Affiliation Country
Chair
Antenna Committee Tobias Kersten Leibniz Universitdt Hannover Germany
Bias and Ambiguity Lotfi Massarweh DUT - Delft University of Tech-  Netherlands
Resolution Committee nology
Bias & Calibration DISCONTINUED* n/a n/a
Committee
Clock Products Committee Jian Yao SLU - Saint Louis University USA
Infrastructure Committee ~ Ryan Ruddick GA - Geoscience Australia Australia
Tonosphere Committee Zishen Li CAS - Chinese Academy of Sci- China
ences
Real-Time Committee Ningbo Wang CAS - Chinese Academy of Sci- China
ences
Reference Frame Commit- Maylis De La IGN - Institut National de France
tee Serve I'Information Géographique et
Forestiére
RINEX-RTCM Committee  André Hauschild DLR - Deutsches Zentrum fiir =~ Germany
Luft- und Raumfahrt
SVOD Committee vacant n/a n/a
TIGA Pilot Project No Vice-Chair since the Pilot Project is chaired by 2 Co-Chairs
Troposphere Committee Rosa Pactione e-GEOS - Agenzia Spaziale Italy

GNSS Monitoring

IDEA Working Group
Multi-GNSS Pilot Project

PPP-AR Pilot Project

Italiana / Telespazio
Katarina  Lutz- DLR - Deutsches Zentrum fiir

Lloyd Luft- und Raumfahrt

vacant n/a n/a

Kyohei Akiyama JAXA - Japan Aerospace Ex- Japan
ploration Agency

DISCONTINUED* n/a n/a

IGS Component Vice-Chairs as of January 2026. Changes since the last IGS Technical Report are
font-coded: new Vice-Chairs are in bold italic. The * denote specific cases, with explanations detailed in
the main text. Vice-Chairs are not official members of the GB but play an important role in supporting

it.
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Ross Bagwell (NASA GSFC - Goddard Space Flight Center) was replaced by Benjamin
P. “Pat” Michael (NASA GSFC) in the position of Data Centre Coordinator in February
2026, due to an out-of-cycle election, due to organisational constraints and delays beyond
the IGS Standing Elections Committee’s control. Chaminda Senavirathne (SULECO, Sri
Lanka) was elected as Data Center Representative (1st term), replacing Jianghui Geng
(Wuhan University). Simon Banville (NRCan - Natural Resources Canada) was elected
as AC Representative, replacing Paul Ries (NASA JPL - Jet Propulsion Laboratory). Rui
Fernandes (UBI - University of Beira Interior) was renewed as Network Representative.

The Bias & Calibration Committee merged with the PPP-AR Pilot Project to create the
Bias & Ambiguity Resolution Committee, led by Chair Jianghui Geng (Wuhan University)
and Vice-Chair Lotfi Massarweh (DUT - Delft University of Technology); Stefan Schaer
stepped down from the position of Bias & Calibration Chair. Médéric Gravelle and Guy
Woppelmann (ULR - Université de La Rochelle) were approved as the new Co-Chairs of
the TIGA Pilot Project, sharing one single vote; there is no Vice-Chair for the TIGA
Pilot Project since it is chaired by 2 Co-Chairs. Sharyl Byram (USNO) was renewed as
Troposphere Committee Chair.

As established in the 2024 Technical Report, the licensing and citation of IGS data has
become a very important topic for the sustainability of the Service. In 2025, two ad-hoc
Working Groups, on DOI and Data Licensing respectively, were created. Chair Kirsten El-
ger (GFZ - Deutsches GeoForschungsZentrum) and Co-Chair Ross Bagwell (NASA GSFC)
led the work towards establishing IGS-wide policies to support the correct licensing and
citation of our data and products, which will eventually contribute to the sustainability
of the IGS and to accurately acknowledging the contributions from its many international
collaborators.

Werner Enderle (ESA/ESOC - ESA / European Space Operations Centre) and Satoshi
Kogure (NSPS - National Space Policy Secretariat) both stepped down from the position
of Appointed Members. Kyohei Akiyama (JAXA - Japan Aerospace Exploration Agency)
was elected as Appointed Member. Fernand Balé (BNETD) was renewed as Appointed
Member.

In 2025, the Governing Board further improved the Service’s overall sustainability by
establishing two new Vice-Chairs for the Clock Products Committee and GNSS Monitor-
ing Pilot Project, and by securing a new long-term Vice-Chair for the Reference Frame
Committee. We recognise here their contribution to the IGS and welcome their help in
safeguarding the future of these IGS Components.

Jian Yao (SLU - Saint Louis University) was approved as the first Vice-Chair of the Clock
Products Committee. Maylis De La Serve (IGN - Institut National de I'Information Géo-
graphique et Forestiére) replaced Samuel Branchu (IGN) as Vice-Chair of the Reference
Frame Committee. Katarina Lutz-Lloyd was elected Vice-Chair of the GNSS Monitoring
Pilot Project.
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3 Governing Board Elections Coordination

The Standing Election Committee (SEC) is responsible for the yearly GB Elections and is
supported by the Central Bureau (CB). Together, the CB and SEC nominated and vetted
the various candidates, coordinated the call for nomination within the AMs, contacted
and coordinated with people whose terms were up for renewal, worked with the EC for
pre-approvals when relevant, and handled the end-of-term cases when applicable.

In 2025, the composition of the SEC remained unchanged, consisting of Elisabetta D’ Anastasio
(Earth Sciences New Zealand, New Zealand) as the chair and Ryan Keenan (Positioning
Insights, Australia), Wolfgang Sohne (BKG, Germany), Benjamin Ménnel (GFZ, Ger-
many), and Camille Martire (NASA JPL, USA) as members.

This year, the SEC handled all positions up for elections/reelections and continued to
reach out to IGS Components without a Vice-Chair. Important positions had to be re-
newed, e.g., the Network Coordinator or the Troposphere Committee Chair. One Data
Center Representatives and one Analysis Center Representative as well as one out of
three Networks Representatives had to be elected and the SEC was successful in enhanc-
ing engagement activities in regions not represented in the IGS so far with Chaminda
Senavirathne from Sri Lanka. Full details on the resulting GB composition changes are
given in Tables | and 2 of this report.

4 Governing Board Decisions

The past accomplishments and decisions can be found in the previous Technical Re-
ports (https://igs.org/tech-report/). The accomplishments and decisions for 2025
are listed below:

e GB 69 (January 2025)

Decision 69-01: The v2.2 of the Guidelines for Long Product Filenames was ap-
proved.

Decision 69-02: The GGOS DOI WG Recommendations were approved as founda-
tion for the IGS DOI Policy (subject to additional discussion and adjustments).

e GB70 (May 2025)

Decision 70-01: Médéric Gravelle and Guy Woppelmann (ULR, France) were ap-
proved as the new Co-Chairs of the TIGA Pilot Project.

Decision 70-02: Jian Yao was approved as the first Vice-Chair of the Clock Prod-
ucts Committee.

Decision 70-03: The 2026 IGS Workshop shall take place from the 1st to the 5th
of June 2026. An in-person Governing Board meeting shall take place on the
31st of May 2026.

Decision 70-04: The 2026 IGS Workshop shall take place in-person, with a potential

10
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one-way broadcast to allow remote participants to attend presentations.

Decision 70-05: The Bias & Calibration Committee and the PPP-AR Pilot Project
merge into a single, combined IGS Committee. The exact name of that Com-
mittee remains to be consolidated by Action 70-02.

Decision 70-06: RDAAC-IRIS shall be removed from the list of IGS Regional Data
Centres.

Decision 70-07: The v1.0 of the WCC Pilot Project Charter was approved.

e GB71 (August 2025)

Decision 71-01: The August 2025 Revision of the Real-Time Committee Charter
was approved.

Decision 71-02: The August 2025 Revision of the RINEX v4.02 standard was ap-
proved.

Decision 71-03: Katharina Lutz-Lloyd was approved as the new Vice-Chair of the
GNSS Monitoring Pilot Project.

Decision 71-04: The JGX proposal to host the 2028 IGS Workshop in Tsukuba,
Ibaraki (Japan) in September 2028 was approved.

Decision 71-05: Following the departure of former CB Director Allison Craddock,
the responsibilities of the CB Director are transferred to the current CB Deputy
Director, Camille Martire, until a new CB Director is nominated by NASA, the
organization currently hosting the CB. With these additional responsibilities,
Camille Martire formally assumes the role of CB Acting Director.

Decision 71-06: The Committee stemming from the merge between the Bias &
Calibration Committee and the PPP-AR Pilot Project shall be named Bias
and Ambiguity Resolution (BAR) Committee.

e GB72 (December 2025)

Decision 72-01: The Charter for IGS Data Centres v1.0 was approved.

Decision 72-02: The IGS CORS Management Policy v1.0 was approved.

Decision 72-03: The Bias & Ambiguity Resolution Committee Charter (v250906)
was approved.

Decision 72-04: The ANTEX v2.0 Format was approved.

Decision 72-05: Kyohei Akiyama was elected as Appointed Member (1st term).

Decision 72-06: Fernand Balé was re-elected as Appointed Member (2nd term).

Decision 72-07: Sharyl Byram was re-elected as Troposphere Committee Chair.

Decision 72-08: Simon Banville was elected Analysis Centre Representative.

Decision 72-09: Chaminda Senavirathne was re-elected Data Centre Representative

Decision 72-10: Rui Fernandes was re-elected as Network Representative.

Decision 72-11: The creation of the Signal-in-Space Standardization Task-Force un-
der the umbrella of the RINEX Committee was approved.

Decision 72-12: Rui Fernandes shall Chair the Standing Elections Committee going
forward.

11
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5 Operational Activities

5.1 Network Growth and Coordination

Daily network operations are the heart of the IGS - various components of the service
ensure that data and products are made publicly available at least on a daily basis. Over
500 IGS Network sites (see Figure 1) are maintained and operated globally by a broad
array of institutions and station operators. Data continues to be available to the public
and the scientific community, with latencies ranging from daily to real-time.

During 2025, 13 new stations were added to the IGS network, and 5 stations were identi-
fied for decommissioning; the list can be found in the Infrastructure Committee’s Report.
The number of multi-GNSS stations increased from 388 to 412 (+24), while the number
of real-time-capable stations increased from 327 to 341 (414). The CB wishes to grate-
fully acknowledge the efforts of the institutions in charge of the stations, both new and
decommissioned.

Additionally, in 2025, there were 79 changes to the rcvr_ant.tab' file , 492 site log
updates (~41 per month), and 7 antenna changes at IGS20 reference frame stations.

"https://files.igs.org/pub/station/general/rcvr_ant.tab,
https://files.igs.org/pub/station/general/rcvr_ant.json
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Figure 1: The IGS Network, as of the 275 of February 2026. The map showcases 533 stations
in total, including 412 tracking multiple GNSS constellations and 341 having real-time
caster capabilities. The IGS collects, archives, and freely distributes Global Navigation
Satellite System (GNSS) observation data sets from a cooperatively operated global
network of ground tracking stations. The live version of this map is available at https:
//network.igs.org.
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5 Operational Activities

5.2 Analysis Centre Coordinator Transition

The new Analysis Center Coordinator (ACC) was selected and announced at the IGS
Workshop in July 2024. This new ACC team is a NASA/GA + MIT/GFZ partnership
that combines the strengths of multiple organisations, including the experience of the
current GA+MIT team, in service to the IGS. With this new arrangement, the ACC team
currently consists of Taylor Yates (NASA GSFC), Salim Masoumi (GA), and Tom Herring
(MIT). The primary focus for this new team in 2025 was the training and transition
of primary operations from GA to NASA. A strong effort was also made towards the
development of multi-GNSS product combinations.

NASA and MIT staff visited GA in early 2025 for in-person training of the NASA staff
and started the transition process for the ACC primary operations. During the rest of the
year, work continued with regular online training and hand-over of the operations. There
was a delay in starting the parallel processing between NASA and GA, and consequently
in the handover of the operations, compared to the initial plan. However, the work is
underway and the transition of the operational responsibility for generating the combined
IGS products is expected to occur by July 2026.

5.3 Analysis Centre Coordination and Multi-GNSS Product Generation

While the transition of primary operations was underway in 2025, the legacy operations
remained based at Geoscience Australia in Canberra (Australia), while the combination
software remained housed on cloud-based servers located in Australia and FEurope. Cloud
operations ran smoothly throughout the year, and the IGS continues to maintain a very
high level of product availability. For more details, see the Analysis Center Coordinator
Report.

In 2025, a significant effort was made towards providing IGS multi-GNSS combined prod-
ucts. The IGS ACC continued provision of multi-GNSS ultra-rapid orbit combinations as
demonstration products. These ultra-rapid orbits are combinations of GPS, Galileo and
GLONASS orbits provided by the IGS Analysis Centres. The ACC also participated in
a Task Force with the Multi-GNSS Pilot Project, with the goal of preparing and forming
the future of the multi-GNSS combined products. This Task Force was disbanded after
providing assessments of different combination software available for the IGS’ multi-GNSS
products.

In addition to the ultra-rapid products, the IGS ACC started testing and processing multi-
GNSS combined orbits, clocks, biases, and reference attitudes for the Final products, and
is planning to release the set of Final products for the period from the end of Repro3
campaign to the current date in early 2026. This will be followed by regularly providing
multi-GNSS Final combined products as demonstration products until they replace the
legacy products.
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5.4 IGS Reference Frame Updates

The generation of the daily, weekly, and long-term IGS terrestrial frame solutions (SINEX)
continued to be carried out seamlessly by IGN throughout the year.

Following the release of the second annual update of ITRF2020, called ITRF2020-u2024, in
September 2025 (IGSMAIL #8619), an updated IGS reference frame was defined. Called
I1Gc20, it has been adopted for the alignment of the IGS products starting with the prod-
ucts of GPS week 2401 (11 January 2026). More details on this new IGc20 reference frame
and its usage may be found in IGSMAIL #8634.

The campaign for the calibration of the BDS-3 and QZSS satellite antennas, jointly co-
ordinated by the Reference Frame Committee, Multi-GNSS Pilot Project, and Antenna
Committee, was finalised. The IGS ANTEX file (igs20.atx) was updated on GPS week
2405 with the BDS-3 and QZSS satellite antenna phase variation patterns and phase center
offsets, determined during this campaign and compatible with the IGS20 reference frame.
This opens the way for a seamless incorporation of the BDS-3 and QZSS constellations
into the IGS operational processing, and completes another of the objectives set forth in
previous Technical Reports.

5.5 Data Management

The International GNSS Service (IGS) relies on a robust, collaborative network to generate
its high-precision products. Currently, 13 Analysis Centers and 21 Associate Analysis
Centers process tracking data from a vast global network, utilizing anywhere from 70 to
over 500 individual tracking stations. By constantly analyzing this data, these centers
generate precision products up to four times every day.

To ensure the highest level of accuracy and reliability for end-users, dedicated product
coordinators continuously merge and rigorously quality-check these outputs. The scale of
this daily and weekly production is substantial; collectively, the IGS generates more than
1000 product files a day. These encompass time-critical and system-specific data (such
as final, rapid, ultra-rapid, and GLONASS-only files) along with weekly ionosphere files
and daily troposphere files covering more than 400 stations. Throughout these efforts,
the organization has maintained the steady, reliable delivery of its fundamental products,
including the core reference frame, precise satellite orbits, clocks, and atmospheric models.
Furthermore, the IGS continues to modernize its capabilities by refining its Real-Time Ser-
vice, dedicating considerable effort toward developing robust standards to ensure seamless
data integration for users worldwide.

In total, this collaborative operation leverages 34 Analysis Centers and hundreds of track-
ing stations to deliver over 1000 specialized files every day.

The intense interest in IGS data and products is clearly reflected in the massive user
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6 External Engagement

activity and file distribution volumes recorded across the various IGS Global and Regional
Data Centers. Currently, the core IGS data and products span over 150 terabytes in
volume, comprising more than 475 million files. To ensure high availability and seamless
global access, these files are strategically available across multiple data centers. This
distributed architecture allows for efficient worldwide dissemination without overloading
any single facility, while also providing limited system redundancy to safeguard the data.

The scale of this global engagement is particularly evident at the Crustal Dynamics Data
Information System (CDDIS) at NASA’s Goddard Space Flight Center. The facility
supports an expansive scientific community, boasting over 150,000 registered users who
regularly retrieve geodesy data via HI'TPS protocols through the NASA Earthdata Login
(EDL) system. Additionally, CDDIS caters to a sizable unregistered user base that accesses
data through secure FTP (FTP-SSL) systems, ensuring flexible access for diverse user
needs. The monthly throughput for IGS data and products alone is staggering: CDDIS
averages around 160 million file downloads and 68 terabytes of distributed data, actively
serving upwards of 15,000 users each month.

Other key nodes in the network also demonstrate substantial throughput. Furthermore,
the Wuhan University Data Center has accumulated 40 terabytes of GNSS data and prod-
ucts to date. In 2025, its average monthly download volume reached 38 million GNSS data
and product files (12.3 terabytes), reliably supporting 1,500 unique users. Together, these
interconnected centers highlight the growing, critical reliance on IGS resources world-
wide.

6 External Engagement

IGS is an Associate Member of the International Committee on GNSS (ICG), based
under the aegis of the United Nations Office for Outer Space Affairs (UN OOSA).
Namely, IGS co-chairs the ICG’s Working Group D (on “Reference Frames, Timing, and
Applications”) alongside BIPM, CNES, FIG, IAG, and IGN. The ICG also hosts the
International GNSS Monitoring and Assessment (IGMA) Task Force (TF), in which the
IGS’ GNSS Monitoring Pilot Project holds a prime advisory role. At the 19th meeting
of the ICG in October 2025, the IGS was represented by GB Member Richard Gross
(NASA JPL, USA), with online support by CB Acting Director Camille Martire (NASA
JPL, USA), while GNSS Monitoring Pilot Project Chair Erik Schonemann represented the
IGS in the IGMA TF. The IGS reported significant progress during ICG-19, with details
reported in the ICG-19 Joint Statement. In particular, the IGS secured the publication by
ICG of a Statement on the Critical Role of the Global Geodesy Supply Chain for GNSS.

Additionally, at the direction of the Governing Board, the Central Bureau works with
various components of the International Association of Geodesy (IAG) in order
to promote communications and outreach. Finally, IGS Associate Members (AMs) and
GB Members are also active participants in the United Nations Initiative on Global
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Geospatial Information Management (UN GGIM) Sub-Committee on Geodesy
(http://ggim.un.org/UN_GGIM_wgl.html). There were no significant contributions on
these fronts in 2025, owing namely to the various transitions taking place during that
year.

7 Future Steps for 2026

The IGS will continue to follow stakeholders’ expectations for improved product timeliness,
fidelity, and multi-GNSS compliance. The GB, CB, and Associate Members will continue
their efforts towards enhancing advocacy for the IGS. Members of the IGS will continue
giving presentations at a variety of forums within our discipline and outside of it, ensuring
that the efforts of all contributors are acknowledged. In this way, the IGS will continue
to build its user base, resulting in enhanced sustainability overall.

A number of important initiatives are considered for 2026. The next IGS Symposium
and Workshop will take place in June 2026, and incur in-depth preparation efforts in the
months preceding, led namely by José Antonio Tarrio Mosquera (Local Organising Com-
mittee Chair), Gustavo Caubarrére (Scientific Organising Committee Chair) and Camille
Martire and Mara Figueroa (Central Bureau). The previous ACC will hand over primary
responsibilities to the current ACC mid-year, and will continue making progress toward
fully multi-GNSS combinations. The Infrastructure Committee and Data Centre Coor-
dinator will investigate ways to consolidate and improve sustainability, reliability, and
redundancy of the IGS data infrastructures. The Governing Board as a whole will con-
tinue to work on the topics of Data Licensing and DOIs, as well as on the related pending
considerations around the involvement of the private sector in the IGS. Many of the ACs
will prepare for the upcoming ESA’s Genesis mission (a well-calibrated platform in space
tying the four space-geodetic techniques typically used to construct the International Ter-
restrial Reference Frame - namely GNSS, Satellite Laser Ranging, Very Long Baseline
Interferometry, and Doppler Orbitography by Radiopositioning Integrated on Satellite).
The topic of LEO-PNT (Low Earth Orbit Positioning Navigation and Timing) will be dis-
cussed and studied in depth, and whether the IGS can be of service in this up-and-coming
field will be evaluated.

Finally, the GB thanks all participants within the IGS for the efforts, with particular
thanks going to the Component Chairs and the former Central Bureau Director Allison
Craddock, who ended their terms this year. Without the contributions of all, the IGS
could not have achieved the significant outcomes detailed in this report.

8 Publications and Official IGS Citation

Official publications pertaining to the IGS are:
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8 Publications and Official IGS Citation

e previous Technical Reports:

— IGS 2020 Technical Report
— IGS 2021 Technical Report
IGS 2022 Technical Report
IGS 2023 Technical Report
IGS 2024 Technical Report

e Terms of Reference:

— IGS 2019 Terms of Reference
— IGS 2023 Terms of Reference

It is expected that the IGS is properly acknowledged by referencing the IGS chapter found
in the 2017 Springer Handbook of Global Navigation Satellite Systems:

Johnston, G., Riddell, A., Hausler, G. (2017). The International GNSS
Service. In Teunissen, Peter J.G., and Montenbruck, O. (Eds.), Springer
Handbook of Global Navigation Satellite Systems (1st ed., pp. 967-982).
Cham, Switzerland: Springer International Publishing. DOI: 10.1007/978-
3-319-42928-1.
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Camille Martire!, David Maggert?,

Robert Khachikyan®, Mara Anabel Figueroa Berroca?
International GNSS Service Central Bureau Acting Director,
Central Bureau Deputy Director, and Governing Board Executive Secretary;
NASA Jet Propulsion Laboratory, California Institute of Technology
(Pasadena, California, USA)
International GNSS Service Central Bureau Network Coordinator;
EarthScope Consortium (Washington, DC, USA)
3 International GNSS Service Central Bureau CBIS Engineer;
RTX (Pasadena, CA, USA)
4 International GNSS Service Central Bureau Staff;
NASA Jet Propulsion Laboratory, California Institute of Technology
(Pasadena, CA, USA)

1 Introduction

In order to sustain the multifaceted efforts of the IGS, the Central Bureau (CB) works to
support and realise the IGS strategic goals: achieving multi-GNSS technical excellence,
strengthening public outreach and engagement, and building sustainability and resilience.
The CB work program is shaped by the directives and decisions of the IGS Governing
Board (GB) and IGS Executive Committee (EC), which often tasks members of the CB
with representing the outward face of IGS to a diverse global user community and the
general public.

The CB is funded by the United States National Aeronautics and Space Administration
(NASA) and hosted at the Jet Propulsion Laboratory (JPL) in Pasadena, California, USA.
This office was led by the CB Director Allison Craddock (NASA JPL, USA) with support
from Deputy Director Camille Martire (NASA JPL, USA) until August 2025, and by CB
Acting Director Camille Martire (NASA JPL, USA) after that point. The CB also works
as the command-and-control centre for tracking network operations, mostly overseen by
the Network Coordinator, David Maggert (EarthScope Consortium, USA). Additionally,
the CB manages the primary IGS Information System (CBIS), the principal information
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Table 1: IGS Central Bureau staff and responsibilities. NASA is the National Aeronautics and
Space Administration. JPL is the Jet Propulsion Laboratory (Pasadena, USA). JPL is
managed by the California Institute of Technology (Caltech) for NASA.

Name Affiliation Role
Allison Craddock NASA JPL Director (Jan - Aug 2025)
Camille Martire NASA JPL Deputy Director (Jan - Dec 2025)

Acting Director (Sep - Dec 2025)
GB Executive Secretary (Jan -

Dec 2025)
David Maggert EarthScope Consortium  Network Coordinator
Mara Anabel Figueroa Berroca NASA JPL CB Staff
David Stowers NASA JPL CB Staff
Robert Khachikyan RTX CBIS Manager
Brian Kohan RTX CBIS Engineer

portal where the IGS web, data, and mail services are hosted; these tasks are led by
Robert Khachikyan (RTX, USA). A list of the CB members along with their respective
roles and responsibilities is given in Table 1; the full-time equivalent effort of CB staff is
approximately 2.5 FTE.

2 Summary of Accomplishments

This Section highlights the progress made by the IGS CB in 2025. In general terms,
the CB continues to strive for maximum efficiency in holding IGS activities and leading
administrative operations, and continues to pay particular attention to equitably represent
different regions of the world by adjusting the meeting times to various time zones and
technology bandwidths. Aside from these important considerations, the CB has also
achieved the following items:

1. Supported the timely delivery and dissemination of IGS Data and Products.

2. Maintained the public IGS GitHub Repository, in particular with respect to the
GitHub Integration of IGS Documents and Files (see below) and issues submitted
by users.

3. Supported the dissemination of IGS Guidelines, Formats, and Standards; namely
including the IGS CORS Guidelines and their translations in various languages
(Arabic, Chinese, French, German, Hindi, Portuguese, Spanish), the ANTEX 2.0
format, the Procedure for Becoming an IGS Station, the IGS Guidelines for Long
Product Filenames, and the Guidelines and Code of Conduct for IGS Events.

4. Successfully organised 4 Governing Board Meetings, 8 Executive Committee meet-
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3 Coordination of Meetings in 2025

ings, and 1 Associate Member Meeting (see below).

5. Coordinated, supported, and participated in the Standing Elections Committee
(SEC) on the 2025 GB elections.

6. Provided administrative support to several IGS Components on an as-needed ba-
sis, including for instance meeting scheduling, voting form coordination, document
hosting and publishing, etc..

7. Represented the IGS and its community interests at various stakeholder levels, in-
cluding but not limited to: the United Nations Office for Outer Space Affairs’ Inter-
national Committee on GNSS (ICG), the Subcommittee on Geodesy of the United
Nations Committee of Experts on Global Geospatial Information Management (UN
GGIM), the World Data System (WDS), the International Association of Geodesy
(IAG) Inter-Commission Committee on Climate, and the IAG Global Geodetic Ob-
serving System (GGOS).

3 Coordination of Meetings in 2025

The CB coordinated the necessary logistics and administrative organisation for four (4)
Governing Board (GB) meetings (3 virtual and 1 hybrid), eight (8) Executive Committee
(EC) virtual meetings, and one (1) Associate Member virtual meeting. A detailed list
of these activities can be found in Table 2. In addition, the CB coordinated Standing
Elections Committee meetings for the 2025 GB Elections.
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Table 2: 2025 meetings led and/or coordinated by the Central Bureau. While topics of the various

GB meetings are reported here, official GB decisions are reported in the GB Executive
Report.

GB Meetings

GBG69, virtual, 29 January 2025

This was a special session dedicated to the topic of DOIs. An announcement
from the ACC consortium; ESA’s proposal for minting DOIs; a presentation of
the GGOS DOI WG Recommendations; a discussion about the way forward ;
the US presidential order on DEIA.

GB70, virtual, 13 May 2025

An update from the 2026 IGS Symposium and Workshop Local Organising
Committee; the merging of the Bias & Calibration Committee with the PPP-
AR Pilot Project; updates from the IGS and GGOS DOI Working Groups; the
revival of the Tide Gauge Pilot Project; updates from the Infrastructure Com-
mittee; updates from the ACC consortium; updates from the Wuhan Combi-
nation Centre Pilot Project; the ICG Statement on the Global Geodesy Supply
Chain.

GB71, hybrid, 30 August 2025

A comprehensive review of the pending Governing Board Action Items; a pro-
posal from Japan to host the 2028 IGS Symposium and Workshop; updates
from the ACC consortium; updates from the Wuhan Combination Centre Pi-
lot Project; updates from the IDEA Working Group; updates from the RINEX
Committee; a discussion on IGS’ involvement in LEO-PNT; a discussion on the
support of GNSS signal-in-space data; an update on the status of the Central
Bureau leadership; a status update on the Status of the Bias & Calibration +
PPP-AR Merged Committee; a discussion on DOIs and the commercial use of
IGS Products; a discussion on a template “Letter of Intent for Collaboration and
GNSS Data Sharing with the IGS”; the Antenna Ring Calibration Campaign
results; an update from the 2026 IGS Symposium and Workshop Local Organ-
ising Committee; the ICG Statement on the Global Geodesy Supply Chain;
various Central Bureau updates.

GB72, virtual, 04 December 2025

A statement from NASA on NASA’s Space Geodesy Program’s support to IGS;
updates from the ACC consortium; discussion, hosted by the RINEX Commit-
tee, on the creation of a “Signal-In-Space Format Standardization” Component;
the outcomes of the LEO-PNT Survey and discussion about the creation of a
LEO-PNT Pilot Project; the recommendations made by IGS/WG-D at ICG-
19, including the Statement on the Critical Role of the Global Geodesy Supply
Chain for GNSS.
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Table 2: 2025 meetings led and/or coordinated by the Central Bureau (cont.).

Associate Member Meeting

OpenAM 2025, virtual, 03 December 2025
Updates from IGS Components (Committees, Pilot Projects, and Working
Groups). Updates from the new ACC (NASA/GA/GFZ/MIT) and from the
newly-introduced Wuhan Combination Centre (WCC).

Executive Committee Meetings (virtual)

30 January 2025
confidential

25 March 2025
confidential

22 April 2025
confidential

03 June 2025
confidential

12 August 2025
confidential

29 September 2025
confidential

30 October 2025
confidential

17 December 2025
confidential
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4 Preparations for the 2026 IGS Symposium and Workshop

Ensuring successful events, symposiums, and workshops directly contributes to the goals
and objectives of the IGS 2021+ Strategic Plan, providing facilitation, coordination, incu-
bation, and advocacy for multi-GNSS technical excellence, community engagement, and
organisational resilience. The 2026 IGS Symposium and Workshop will take place from
the 15 to the 5'" of June 2026, hosted by the University of Santiago de Chile (USACH)
in collaboration with the Military Geographic Institute (IGM) of Chile. The program is
once again structured in two parts: 3.5 days of symposium-style presentations, including
keynotes and poster sessions, followed by 1.5 days of in-depth splinter sessions closely
weaving collaborations between IGS Components.

Working closely with the Local Organising Committee (LOC) and Scientific Organising
Committee (SOC), the CB provided executive oversight for the planning and organisation
of the event. In particular, the CB ensured tight feedback loops between the SOC and
Session Chairs to efficiently develop the event’s programme, drafted the detailed agenda
for publication, and regularly reported overall progress to the Governing Board.

The LOC contracted a private company (e-congress) to manage the event website, regis-
tration, and abstract submission system, as well as to support social media and outreach
activities. Throughout these first few months of coordination, the Central Bureau has
ensured close coordination with e-congress to ensure timely and effective communication
with presenters and participants. The LOC successfully secured sponsorship from Trimble,
GEOCOM, ESRI Chile, AMPERE, Leica Geosystems, and Kollner Labrana, reflecting the
fact that industry partners strongly support the IGS.

The event and its program have attracted high interest from across the globe, with
broad international participation in terms of both abstract submissions and registrations.
Keynote speakers will include leading figures and high-level stakeholders in the local geode-
tic and GNSS community. The CB extends its sincere appreciation to the LOC and SOC
for their extensive efforts to ensure the success of this event, and we look forward to
continuing to support its planning, organisation, and execution.

5 Central Bureau Information Systems (CBIS)

The CB continuously works toward maintaining and improving a number of critical public-
facing web applications. The most important of them are the IGS Website, the IGS Site
Log Manager (SLM), the IGS Network Map, the IGS Associate Member (AM) Database,
and the critically-important IGS Mailing Lists.
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5 Central Bureau Information Systems (CBIS)

5.1 IGS Website

The IGS Website (https://igs.org), meticulously curated by the CBIS team, stands
as the prominent public interface of Service, and must therefore embody a commitment
to excellence. As of today, it prioritises user satisfaction, accessibility, and effectiveness;
namely through an intuitive and secure navigation structure adhering to web accessibility
standards. Regular content updates, covering news, events, and institutional changes, re-
flect a dedication to keeping our users informed. A cohesive brand identity and interactive
features (including feedback mechanisms and multimedia content) ensure consistent user
engagement and create a dynamic online environment with which they can interact.

Practically speaking, the IGS Website is key for the CB to support all IGS events, and

especially the virtual ones. Besides featuring the advertisement of events and registra-

tion information, the website also serves as an online catalogue of recorded presenta-

tions and other resources to the community after an event has been completed. It fea-

tures the latest IGS workshops (https://igs.org/workshops), the Tour de I'IGS series

(https://igs.org/tour-de-1ligs/), important formats and standards (https://igs.

org/formats-and-standards), reference documents (https://igs.org/documents/), and
a variety of news relevant to the community (https://igs.org/news/, https://igs.

org/tech-report/). This effort consolidated all current information in a more visible

and easily accessible part of the CBIS.

In 2025, https://files.igs.org has served approximately 660 K users with approx-
imately 8 TB of data; roughly 480 K users were new users not previously known to our
domain. https://slm.igs.org registered roughly 12 K visits by transferring about 20 GB
of data. https://network.igs.org served approximately 162.5 K users serving approx-
imately 610 GB of data. https://igs.org served approximately 925K visitors with
roughly 4 + TB of data.

5.2 IGS Site Log Manager and Network Map

Both the IGS Mission statement and IGS 2021+ Strategic Plan goals underline the im-
portance of open access to data and products, which facilitates collaborations, standard-
isation, and inclusivity. Open access data enables scientists to visualise the geospatial
coverage of the IGS Network, investigate the type of GNSS data from stations, view real
time capabilities, and know the various data centres for sourcing GNSS data (CDDIS,
etc.).

The IGS Site Log Manager (SLM, https://slm.igs.org) is a web-based online applica-
tion designed for the purpose of managing the metadata of IGS GNSS ground-based sites.
The accompanying IGS Network Map (https://network.igs.org) serves as the public
interface for any user from all over the world to view station metadata from the IGS SLM
through a comprehensive station list and interactive station map. The SLM and Network
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Map maximise the reliability, accuracy, and searchability of the IGS site logs.

5.3 Network Coordination

The CB Network Coordinator - with the help of the Infrastructure Committee - coordinates
the monitoring of station logs and RINEX metadata, and evaluates all new IGS station
proposals on a regular basis. Additionally, the CB Network Coordinator also collaborates
with the Antenna Committee Chair and GNSS manufacturers to have their equipment
added to the official IGS files (rcvr_ant.tab and antenna.gra). For the latest update
on those fronts, see the Governing Board Executive Report. Finally, the CB Network
Coordinator also ensured timely responses to all email inquiries received from users about
data, products, or general IGS information.

5.4 GitHub Integration of IGS Documents and Files

In 2025, the CB endeavoured to start migrating IGS operational files, standards, and some
documentation from the current static, webserver-based repository to a version-controlled,
centralised public repository on the IGS GitHub Account. Once this migration becomes
operational, the repository will be called “IGS__Operational Files”, and an announcement
to the community will be made. The objective of this effort is to create a centralised, sus-
tainable, and future-proof “one-stop shop” for users. Furthermore, version-control ensures
that the history of those files is preserved with minimal storage cost. Since the IGS’ op-
erational files are machine-readable, often ASCII files, it is trivial to move them to such
a repository and start keeping track of changes. This migration will preserve static URLs
pointing to the latest file’s version, while also enabling permanent access to historical
versions.

This effort is being carried out gradually, in close coordination with file owners, with an ex-
pected final transition period of at least one year to ensure transparency and avoid disrup-
tion to the community. In 2025, some key files were copied to the IGS Operational Files
GitHub repository, and file owners made sure their updates were carried out both on
the original webserver and on GitHub. For instance, one can consider igs20.atx, igs_
satellite_metadata.snx, rcvr_ant.json / rcvr_ant.tab. Committees and file main-
tainers were encouraged to contact the CB if they wish to migrate additional files or
documentation to GitHub and receive editing permissions.

6 Communication Efforts

The CB strives to comprehensively address the broad variety of applications supported
by the IGS, to foster community engagement, to disseminate IGS updates efficiently,
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6 Communication Efforts

and to contribute appropriately to global initiatives. This commitment is exemplified
through the implementation and sustained management of a multifaceted communication
strategy, encompassing academic interactions, community outreach, social media presence,
and collaborations with influential entities.

The Tour de I'IGS virtual mini-workshop series makes up the academic side of IGS commu-
nications, allowing relevant interactions with / outreach to the community. Facing staffing
constraints and multiple transitions, the CB only organised one Tour de I'IGS “stop” in
2025, focusing on the African continent (https://igs.org/tour-de-ligs/#7th-stop-
agenda). Hosted by Fernand Balé (Bureau National d’Etudes Techniques et de Développe-
ment, Codte d’Ivoire) and Babatunde Rabiu (National Space Research and Development
Agency, Nigeria) with support from the IGS Central Bureau, this event featured research
and operational GNSS projects executed by African institutions and scientists and/or
using African data, discussed continental-scale reference frames, and opened with a dis-
cussion to gather community input. This event kick-started the CB’s efforts to build a
more active communication strategy with this region, currently underrepresented in the
IGS Network and Community.

Furthermore, the CB sustains its engagement and collaborations with the geodetic com-
munity at large through a strong presence on social media, namely LinkedIn and YouTube.
In terms of pure statistics, the IGS Social Media accounts grew as follows (as of 15 January
2025):

LinkedIn (https://www.linkedin.com/company/igsorg/):
e 3029 followers (4344 since last report, +29/month)
YouTube (https://www.youtube.com/igsorg):

e 647 subscribers (+101 since last report, +8/month)
e 28157 (44252 since last report, +354/month)

— 1800 views were obtained through the recordings of presentations given
during the 2024 30'"-Anniversary IGS Workshop (4500 total since publi-
cation).

— 620 views were obtained through the recordings of presentations given dur-
ing the 2025 7" Tour de I'IGS Stop (“Spotlight on Africa”).

Finally, the CB actively participates in international technical forums to support exist-
ing efforts and develop new opportunities supporting the global geodesy. This includes,
namely, coordinating with United Nations (UN) components, such as the UN International
Committee on GNSS (ICG), UN Global Geospatial Information Management Subcommit-
tee on Geodesy, and the newly-established UN Global Geodetic Center of Excellence. For
more details, see the “External Engagement” Section in the GB chapter.
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IGS Central Bureau

7 Future Steps for 2026

Moving forward, the IGS CB will continue working towards achieving substantial mile-
stones towards sustainability and resilience for the IGS. As detailed in the GB Executive
Report, the licensing and citation of IGS data has risen as a very important topic for
the sustainability of the Service; the CB will help coordinate efforts to define IGS-wide
policies in collaboration with the Data Licensing and DOI Working Groups, which were
created in early 2025. The CB will also ensure that IGS Components operate in the
most optimal fashion possible, and in particular work with Component Chairs and the
Standing Elections Committee to identify missing Vice-Chairs. Another crucial endeav-
our involves finalising the preparation and successfully executing the 2026 IGS Symposium
and Workshop, thereby fostering collaboration and geodetic knowledge exchange within
the IGS Community. Moreover, the IGS CB will restart its efforts aiming at enhanc-
ing engagement in Africa, with one particular goal being the improvement of the GNSS
infrastructure in this region through capacity development initiatives. Finally, the CB
will continue to fulfil all of its regular administrative tasks and duties, including event
coordination, governance support, network coordination, and communications.
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1 Introduction

The IGS Analysis Center Coordinator (ACC) is responsible for monitoring the quality
of products submitted by individual analysis centers and combining them to produce the
official IGS products. The IGS ACC also has the overall responsibility for coordinating
the changes, developments and improvements within the contributing analysis centers to
produce the IGS products using the latest models and standards. The IGS products
continue to perform at a consistent level, and in general the solutions submitted by the
analysis centers maintain a consistent level of performance. The combined IGS products
by the ACC maintain the expected qualities and are the most consistent compared to
any individual ACs. The different analysis centers contributing to the IGS operational
products, are listed in Table 1. Table 1 also shows the abbreviations used across this
report for the IGS products.

In 2025, a primary focus of the IGS Analysis Center Coordinators was the transitioning
of the primary ACC operations from Geoscience Australia to NASA and multi-GNSS de-
velopment (see Section 2). In addition to maintaining the quality of the IGS GPS-only
products (Section 3), the ACC continued to provide demonstration multi-GNSS combined
products and continued the contributions towards fully multi-GNSS combinations (Sec-
tion 1).
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Table 1: The abbreviations used by the IGS ACC in this report for different analysis centers and
IGS products.

Analysis center/IGS product Description code
Center for Orbit Determination in Europe (CODE) COD
Natural Resources Canada (NRCan) EMR
European Space Agency (ESA) ESA
GeoForschungsZentrum Potsdam (GFZ) GFZ

Centre National d’Etudes Spatiales (CNES/CLS) GRG
Geospatial Information Authority of Japan (GSI) JGX
and the Japan Aerospace Exploration Agency

(JAXA)

Jet Propulsion Laboratory (JPL) JPL
Massachusetts Institute of Technology (MIT) MIT
NOAA /National Geodetic Survey (NGS) NGS
Scripps Institution of Oceanography (SIO) SIO
The United States Naval Observatory (USNO) USN
Wuhan University WHU
IGS ultra-rapid adjusted part IGA
IGS ultra-rapid predicted part IGU
IGS ultra-rapid experimental GLONASS IGV
IGS real-time IGC
IGS rapid IGR
IGS final IGS

2 Transition of primary operations and multi-GNSS
development

During 2025, the work was progressed to transition the primary ACC operations from
Geoscience Australia to NASA. On-site training and discussion between NASA, MIT and
GA staff occurred in early 2025 at the GA office, and further online training and hand-
over occurred during the year. There was a delay in handover of the operations compared
to the initial planning of late 2025; however, the work is underway and the transition is
expected to occur by July 2026.

A revised roadmap for the ACC transition, including transition to fully multi-GNSS combi-
nations is shown in Figure 1. Testing of multi-GNSS combination software was progressed
in 2025, in particular additional testing of clock and bias combinations. This was ac-
companied by the efforts of the IGS multi-GNSS task force, which provided options to
the ACC to use for multi-GNSS product combinations. More details on the multi-GNSS
combination efforts and prospects at the ACC are described in Section
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JUL 24 JAN 25 JAN 26 JAN 27

NASA/GAMIT Begin training Comparison of Demonstration of
parinership for and fransition mulii-GNSS multi-GNSS
ACC from GA to sofiware operational products
announced NASA for packages e
rimary ACC Visualisation and
[ & quality improvements
operations

DEC 24 DEC 25 JUL 26 JUL 27

Engagement of Multi-GNSS NASA takeover Multi-GNSS

NASA team testing primary ACC operational

and resources operations products are
[E

Long-term
evolution of ACC

Figure 1: ACC revised transition roadmap as of December 2025.

3 Product Quality and Reliability

In 2025, the delivery of the ultra-rapid, rapid and final products was well within the ex-
pected latencies for most of the year (e.g. about 98.4% of the deliveries within the expected
latency of 17-41 hours for the rapid products and about 99.9% within the expected latency
of real time to 9 hours for the ultra-rapid products). In total, there were six instances
of delayed rapid products (of up to 3-5 hours) and only one case of delayed ultra-rapid
products (of 2 hours). Two of the delayed products were found to be due to an overflow
of CPU or memory usage. There was also one case due to storage disk issue. Two cases
of delays were due to issues reading and converting satellite broadcast navigation files,
and one case was due to an error in one of the ACC scripts. Quality of the products and
consistency of analysis center solutions remained as expected.

3.1 Ultra-rapid

The ultra-rapid is one of the most widely utilized IGS products, often used for real-time
and near-real-time applications. In 2025, IGS received submissions from nine different
ACs which were combined to produce IGS ultra-rapid products (see Table 2 for a list
of ACs that are currently included in the combined solutions). JGX started providing
ultra-rapid products since November 2024 (GPS week 2340), which are included in the
combination without weights.
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Table 2: ACs contributing to the IGS ultra-rapid products; W signifies a weighted contribution,
C' is comparison only. The WHU ERP solutions are by default weighted, with the
exception of the length of day estimates which are excluded from the combination for
WHU.

Analysis center  Orbit ERP Clock

COD
EMR
ESA
GFZ
GRG
JGX
SIO
USN
WHU

=RoloRoRol=—1—1—
onoacas=ss==
Q=2 aaa=2=0

W (LoD C)

The combined IGS ultra-rapid orbit can be split into two components, a fitted portion
based on observations, and a predicted component reliant upon forward modeling of the
satellite dynamics. The fitted portion of the ultra-rapid orbits continues to agree to the
rapid orbits with a median value of 6 mm (see Figure 2) and has been consistently at this
level since GPS week 1500.

IGS Ultra Rapid Orbits (near RT observed compared to IGS Rapid) IGS Ultra Rapid Orbits (near RT observed compared to IGS Rapid)

100 100
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Figure 2: The median difference of the fitted component of the IGS ultra-rapid (IGU) combined
orbits with respect to the IGS rapid (IGR) orbits. The historical time series of com-
parison results is shown on the left, and recent comparison results are shown on the
right.

In addition, over the past year there was little change in the agreement between the ultra-
rapid predicted orbits compared to the IGS rapid orbits (see Figure 3) hovering around a
median value of 32 mm.
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Figure 3: Median of IGU combined predicted orbits compared to IGR. The historical time series
of comparison results is shown on the left, and recent comparison results are shown on
the right. Note the change in scale of the Y axis.

The weighted RMS error of the individual orbit submissions from the analysis centers with
respect to the combined ultra-rapid products are plotted in Figure 4. GRG ultra-rapid
orbits, currently unweighted, continued to compare well overall to the combined orbits
after implementing increased duration of dynamic parameter estimation from 24 hours
to 48 hours by the GRG team (Mezerette et al. | 2024). The ACC is still considering
weighting the GRG ultra-rapid orbits to include one more AC contribution subject to
improvement in modeling of eclipsing satellites.

Ultra Rapid Orbits (AC solutions compared to IGS Ultra)

500

400

200

Ultra Rapid Orbits (AC solutions compared to IGS Ultra)

150

(smoothed)

Time [GPS weeks]

025 0420 G

Time [GPS weeks]

E
£
s |
= \
X 100 1 - —
< ) > %
[ W x 3
H W :
4 1 >
NN 3
iﬁj = S e S s L NP .
:iﬁki\ A 4 e done A |
I \ 4 50
! ‘m,,JA A Ja 1t i /\ fL 4 e N}\/\\/
o LG Y I B IR ajﬁ_ﬁ%\#ﬁfw / A = N ~ TS
e’ "0V I s ik Vi Ko te N — P
e deaac e oSN -
0 | 1] ; ; I - ; 0
1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2340 2350 2360 2370 2380 2390 2400 2410

25 0420 G

Figure 4: Weighted RMS of AC ultra-rapid orbit submissions (smoothed). The historical time
series of comparison results is shown on the left, and recent comparison results are
shown on the right. The dashed lines on the figure on the right are the solutions that
are unweighted as of February 2026, while the solid lines are the weighted solutions.
Note the change in scale of the Y axis.
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Table 3: ACs contributing to the IGS rapid products; W signifies a weighted contribution, C is
comparison only.

Analysis center  Orbit ERP  Clock

COD
EMR
ESA
GFZ
GRG
JGX
JPL
NGS
SIO
USN
WHU

fTaas=zg=2==2==
fTaasE==2==2=2
faraf==2==2=2=

3.2 Rapid

In total, eleven individual analysis centers contributed to the IGS rapid products in 2025
(see Table 3).

The rapid orbit products from the different analysis centers weighted in the combination
remained at a consistent level of below 15 mm (Figure 5), and the difference between the
combined IGS rapid orbits and the combined IGS final orbits was consistently below 5 mm
(see Figure 7). In addition, the standard deviation of the rapid satellite and station clock
solutions was always below 25 picoseconds (ps) for the weighted centers (Figure 6).
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Figure 5: Weighted RMS of ACs rapid orbit submissions (smoothed). The historical time series
of comparison results is shown on the left, and recent comparison results are shown
on the right. IGC™ are 24-hour products each containing four 6-hour segments from
each update interval of the IGS real-time stream. IGU"" consists of four separate com-
parisons to IGR done each day over the first 6 hours of each IGS ultra-rapid product.
The dashed lines on the figure on the right are the solutions that are unweighted as
of February 2026, while the solid lines are the weighted solutions. Note the change in

scale of the Y axis.
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Figure 6: Standard deviation of ACs rapid clock submissions (smoothed). IGC™ are 24-hour
products each containing four 6-hour segments from each update interval of the IGS
real-time stream. IGU™ consists of four separate comparisons to IGR done each day
over the first 6 hours of each IGS ultra-rapid product. The dashed lines are the solutions
that are unweighted as of February 2026, while the solid lines are the weighted solutions.
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3.3 Final

In total, there are ten individual ACs contributing to the IGS final products (see Table 1).
EMR clocks started to be weighted in the combinations since the products of 04 May
2025 (GPS week 2365) after NRCan improved their clock solutions by including GPS
phase biases and using the same software as in the repro3 campaign for their operational
products. The significant drop in the standard deviation of the EMR, clocks since GPS
week 2365 is observed in Figure

Table 4: ACs contributing to the IGS final products; W signifies a weighted contribution, C is
comparison only. EMR clocks started to be weighted in the combinations since the
products of 04 May 2025 (GPS week 2365).

Analysis center Orbit ERP  Clock

COD
EMR*
ESA
GFZ
GRG
JGX
JPL
MIT
NGS
SIO

f=E==E==2==¢=
QA=ZE==Z=====
raQfaE =222

The AC final orbit solutions that are weighted in the IGS combinations are comparable
at around the 10 mm RMS level (see Figure 7). The standard deviations of the final clock
solutions for the weighted centers were below 15 ps level for all of the weighted centers
(Figure 8).

To assess the quality of the combined products, PPP solutions estimated using the orbit
and clock products can be compared to the IGS daily SINEX solutions as a measure of how
well the products provide access to the IGS reference frame. Figure 9 shows the station
residual RMS of the PPP solutions using the IGS combined rapid and final products as
well the PPP solutions using products of each of the contributing analysis centers. Table

lists the median RMS values for the past year. The IGS combined products are always
one of the best solutions, and the IGS combined final products provide the best median
consistency with the IGS SINEX solutions compared to every individual solution, making
them the most suitable option to access the IGS reference frame, and consequently ITRF.
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Figure 7: Weighted RMS of IGS final orbits (smoothed). The historical time series of comparison
results is shown on the left, and recent comparison results are shown on the right. The
dashed lines on the figure on the right are the IGS Rapid orbits that are plotted for
comparison only. Note the change in scale of the Y axis.
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Figure 9: Station RMS residuals from the comparison of the PPP solutions using the final orbit

and clock products of each of the analysis centers as well as IGS rapid and final products
to the IGS weekly SINEX solution. All PPP solutions were estimated using the same
network of IGb20 core sites and using Bernese v5.2 software.

Table 5: Median station coordinate residuals from comparison of PPP solutions using different

40

sets of orbits and clocks compared with the IGS weekly SINEX solutions in 2025.

Products used in the PPP North RMS East RMS Up RMS
solution [mm] [mm] [mm]
COD 1.8 3.8 6.2
EMR 2.0 4.0 6.6
ESA 1.8 3.8 6.1
GFZ 1.9 4.0 6.3
GRG 2.0 4.0 6.3
JGX 1.9 3.9 6.5
JPL 1.8 3.8 6.1
MIT 2.4 4.1 7.5
IGR 2.4 4.0 7.8
IGS 1.7 3.7 6.0




4 Multi-GNSS combinations

4 Multi-GNSS combinations

As mentioned in Section 2, an important component of the ACC four-year roadmap has
been the transition to multi-GNSS combined products. In 2025, the ACC started to
test the different orbit and clock combination tools available for providing demonstration
multi-GNSS combinations. These tools include GA’s Robust Orbit Combination Soft-
ware (ROCS) (Geoscience Australia, 2024), NRCan’s clock and bias combination software
(SPARKCombo) (Banville et al., 2020), and GFZ’s Software for Precise Orbit and Clock
Combination (SPOCC) (Mansur et al., 2022, 2024). The ACC also used the Gravity Re-
covery Object Oriented Programming System (GROOPS) developed by Graz University of
Technology (Mayer-Guerr et al., 2021) for generating reference attitudes for multi-GNSS
combined orbits. The IGS ACC also participated in the multi-GNSS Task Force, who
completed the assessment of different combination software available for the multi-GNSS
combinations, and concluded its mission.

In early 2026, the ACC will provide multi-GNSS demonstration Final orbits, clocks and
biases along with reference attitudes for the period from the end of the Repro3 campaign
to the current date, and will continue to provide the demonstration Final multi-GNSS
products going forward. Following that, the ACC will consider creating multi-GNSS
Rapid products as well. Early results will be presented at the IGS Workshop in June 2026
in Chile.

In addition to the Final demonstration products, the IGS ACC continued the provision
of multi-GNSS (GPS, Galileo and GLONASS) ultra-rapid orbits on an operational basis
as demonstration products. These multi-GNSS ultra-rapid products are currently made
available four times a day approximately 20 minutes after the legacy GPS-only ultra-
rapid orbits are published. The demonstration multi-GNSS orbit combinations use the
GA’s ROCS orbit combination software (Geoscience Australia, 2024).

Table 6 lists the Analysis Centers currently contributing to the multi-GNSS ultra-rapid
orbit combinations. The consistencies of the individual AC orbits with the combined multi-
GNSS orbits are displayed in Figure 10. Figure 11 shows the RMS of the AC ultra-rapid
orbit solutions per GNSS satellite in 2025.

From Figures and 11, the RMS levels of the different AC solutions for GPS orbits
are mostly very similar to those observed for the legacy GPS-only solutions (Figure 1)
at below 50 mm for the weighted AC orbits. The comparison with the IGS ultra-rapid
GPS-only legacy combinations (Figure 10, dashed black lines) also shows that the multi-
GNSS combinations are generally very close to the GPS-only combinations for the GPS
constellation, with the RMS level between the two at a median of about 6 mm. The
weighted AC contributions for Galileo are consistent with each other at levels below 60
mm, which is very close to the consistencies observed for GPS satellites.

The consistency of the AC orbits for the GLONASS satellites is in the range 50-80 mm for
the weighted ACs (Figure 10). The multi-GNSS combined orbits are consistent with the
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Figure 10: RMS of analysis center orbit solutions (smoothed) compared to the IGS combined
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orbits for the IGS multi-GNSS ultra-rapid demonstration products for GPS (top),
GLONASS (middle) and GALILEO (bottom). The dashed lines are the AC solutions
that are not weighted in the combinations, while the solid lines are the weighted ACs.
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(bottom) in 2025. IGS is the IGS ultra-rapid legacy GPS-only combined orbits, and

multi-GNSS ultra-rapid solutions for GPS (top), GLONASS (middle), and Galileo
IGV is the current experimental ultra-rapid GLONASS-only combined orbits.

Figure 11: Median RMS of the individual satellites compared to the combined orbits for the
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Table 6: ACs contributing to the IGS demonstration multi-GNSS ultra-rapid orbits; W signifies
a weighted contribution, C is comparison only.

Analysis center GPS GLONASS Galileo

COD w
EMR
ESA
GFZ
GRG
JGX
WHU
SIO
USN

PEa 2222

aa=Zaa=s=s==
e Yo b=R=N

experimental legacy GLONASS-only combinations at about 14 mm level. The disparities
between the different AC orbit solutions are the largest for the older Block M satellites,
in particular R719, R720, R730, R731 and R733, while they have improved for the more
recently launched satellites, e.g. R802 from the Block K1B or more recent launches in
Block M such as R851. (see Figure 11).
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5 Future Work

In 2026, the IGS ACC will complete the handover of the primary operations from GA to
NASA, in accordance with the revised transition roadmap as in Section 2. Moreover, the
ACC will progress the provision of combined multi-GNSS products. Final and Rapid set
of multi-GNSS demonstration products will be made available in 2026, and will replace
the current GLONASS experimental products. This will eventually lead to replacing the
GPS-only operational products following the roadmap of Figure
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1 Introduction

The Wuhan Combination Center (WCC) was formally approved by the Governing Board
of the International GNSS Service on DThe Wuhan Combination Center (WCC) was
formally approved by the IGS Governing Board (GB) as a Pilot Project (PP) in 2024.
It aims at providing combined high-precision and highly-reliable multi-GNSS satellite
orbits/clocks/biases and receiver clocks/biases. The priorities of the WCC include the
development and exploitation of innovative combination efforts for orbits, clocks, and
code/phase biases as an experimental alternative to the legacy combination procedure.

2 The one-year progress of WCC

The routine combination of both final and rapid products has been operational since GPS
week 2357. The products are gathered and combined at a weekly basis. The combined
products are released each Monday. The combined final products have two-week latency,
while the combined rapid products have one-week latency.

The combination integrates contributions from multiple Analysis Centers (ACs) to gen-
erate robust and precise products. For the final product combination, the current input
includes products from 11 ACs: COD, EMR, ESA, GFZ, GRG, HUS, JGX, JPL, MIT,
NGS, and SIO. Among these, JGX is utilized primarily for comparison and validation pur-
poses, while MIT, NGS, and SIO contribute exclusively to the orbit combination. While
for rapid product combination, the inputs are also from 11 ACs: COD, EMR, ESA, GFZ,
GRG, HUS, JGX, JPL, NGS, SIO, and WUM. Among these, JGX is utilized primarily
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for comparison and validation purposes, while NGS, and SIO contribute exclusively to the
orbit combination.

Table 1: List of analysis center data used in the routine combination of final products

Final
Label system orbit clock atti- code phase 24:00 Note
tude OSB OSB epochs

CODOOPSFIN GRE 300s 30s 30s 1d(GE) 1d(GE) CLK&SP3
EMROOPSFIN G 300s 30s 30s 1d(G) 1d(G)

ESAOOPSFIN GRE 300s 30s SP3
GFZOOPSFIN GRE 300s 30s

GRGOOPSFIN GRE 300s 30s 30s 1d(GE) 1d(GE) CLK&SP3
HUSOMGXFIN CGRE 300s 30s 30s 1d(GRE) 1d(GE) CLK&SP3

IGSOOPSFIN G 900s 30s Comp. only
JGXOOPSFIN GRE 300s 30s SP3 Comp. only
JPLOOPSFIN GE 300s 30s 30s CLK&SP3

MITOOPSFIN GE 300s 30s CLK&SP3

NGSOOPSFIN G 300 s

SIOOOPSFIN G 900 s SP3

Table 2: List of analysis center data used in the routine combination of rapid products

Rapid
Label system orbit clock atti- code phase Note
tude OSB OSB

CODOOPSRAP  GRE 300s 30s 30s 1d(GE) 1d(GE)

EMROOPSRAP GR 300 s 300 s

ESAOOPSRAP GR 300s 30s

GFZOOPSRAP GRE  300s 300s

GRGOOPSRAP GE 300s 30s 30s 1d(GE) 1d(GE)

HUSOMGXRAP GRE 300s 30s 30s 1d(GRE) 1d (GE)

IGSOOPSRAP G 900 s 300 s Comp. only
JGXO00PSRAP GRE 300s 30s Comp. only
JPLOOPSRAP GE 300s 30s 30s

NGSOOPSRAP G 300 s

SIOOOPSRAP G 900 s

WUMOMGXRAP GRE  300s 30s 30s 1d(GRE) 1d (GE)
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2 The one-year progress of WCC

2.1 Product combination method

The combination process is a multi-stage, iterative procedure designed to integrate inputs
from multiple ACs into a single, robust set of precise products. The method can be
summarized as follows:

1) Orbit and ERP Combination

The process begins with the ACs’ individual orbit and Earth Rotation Parameter (ERP)
products. An initial mean orbit is computed, followed by a Helmert transformation to align
the solutions into a common reference frame. A weighted mean orbit is then calculated.
This stage feeds directly into the generation of the final combined orbit and ERP product.
Using the finalized combined orbit and ERP product, satellite attitude information is
computed via external software (e.g., GROOPS) to generate the final attitude product.

2) Clock and Bias Combination

This stage processes clock and bias products. Prior corrections including radial orbit
difference, phase wind-up effect, and antenna model difference are applied, and integer
clocks are formed using narrow-lane UPDs. The solutions are aligned to a chosen reference,
and statistical outlier detection is performed. An iterative loop (with a maximum of 10
iterations) ensures stability, continuing until the variation in assigned weights between
iterations is less than 0.1 %. Once convergence is achieved, phase clocks and OSB estimates
are extracted and aligned to GPST.

2.2 Combination strategy adjustment

To enhance the precision and robustness of the combined products, key adjustments have
been implemented in the combination strategy

1) Expansion of orbit combination contributors

The orbit combination process has been strengthened by incorporating products from
three additional ACs: NGS, SIO, and MIT. This inclusion leverages a broader set of
independent solutions, improving the stability and reliability of the final combined orbit.
The effectiveness of this expansion is validated by the Root Mean Square Error (RMSE)
of individual AC orbits compared to the combined solution. For instance, in GPS week
2390, the combined orbit (IGS) serves as a stable reference with most ACs showing RMSE
values within a close range (e.g., 7 — 11 mm), confirming good overall agreement and a
robust mean.

2) Enhancement of Galileo phase bias combination

A specific adjustment has been made to refine the combination approach for Galileo X/X
channel phase biases. This enhancement explicitly considers the necessary alignment be-
tween code and phase biases across different Galileo signal channels (C/Q and X/X).
The improvement is quantitatively demonstrated by an increase in the success rates for
ambiguity resolution.
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Figure 1: The combination flowchart

The updated WCC strategy (WCC _new) achieved an average success rate of 98.29 %
over a 10-day period, a significant improvement over the previous strategy (WCC _old)
at 97.28 %, and now performs comparably to other leading AC solutions. Furthermore,
the positioning performance (North, East, Up components) remains consistent and on par
with other solutions, confirming that the bias alignment adjustment enhances ambiguity
resolution without compromising solution accuracy.

2.3 Main features of WCC combined products

1) Multi-GNSS Orbit, Clock, and Bias Product Combination

The WCC combined products integrates contributions from a global network of ACs, to
generate a unified set of products for GPS, GLONASS, and Galileo systems, as well as BDS
in the near future. This rigorous combination process does not merely average inputs but
employs sophisticated weighted adjustment, outlier detection, and reference alignment
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2 The one-year progress of WCC

RMSE of GPS orbit compared to combination in week 2390
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Figure 2: RMSE of GPS orbit compared to combination in week 2390
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Figure 3: RMSE of Galileo orbit compared to combination in week 2390

strategies. By synthesizing diverse solutions, the final combined orbit, clock (satellite
and station), and bias (code and phase) products achieve superior accuracy, robustness,
and long-term stability compared to any single AC solution, providing a consistent and
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Figure 4: Ambiguity fixing rates with the updated WCC strategy and comparison with other
AC

authoritative reference for the global user community.

2) Facilitation of PPP-AR at the user end

A defining feature of the WCC products is the direct integration of phase bias estimation
into the combination. Unlike products that only provide code biases or require users to
estimate phase biases independently, WCC generates and delivers consistent Observable-
Specific Signal Bias (OSB) products. These products enable users to recover the integer
nature of carrier-phase ambiguities in Precise Point Positioning (PPP) processing. This
capability is critical for achieving centimeter-level positioning accuracy, significantly re-
ducing convergence times, and enhancing the reliability of precise positioning services
across geodetic, atmospheric, and navigation applications.

3) Ensured Day-Boundary Continuity of Combined Products
Recognizing that discontinuities at daily boundaries can degrade time-series analysis and
long-term applications, the WCC processing strategy specifically addresses this issue. The
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generated final products are continuous at the midnight epoch. This feature is particu-
larly vital for time frequency transfer, long-term stability monitoring, and high-precision
scientific studies that demand consistent data over extended periods.
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2.4 One-year combined solutions from WCC

1) Orbit combination weights and contributions

For the one-year period in 2025 (Days of Year 068-326), the weights assigned to different
analysis centers for the combined orbit solution reveal distinct contributions across the
GPS, GLONASS, and Galileo constellations. For GPS, COD holds the highest weight at
14.74 %. For GLONASS, COD again leads with a substantial 26.43 % contribution, fol-
lowed by ESA. Notably, for Galileo, JPL receives the highest weight at 22.87 %. Examining
the accumulated contributions up to GPS Week 2933 further details this distribution: for
GPS, COD (14.74 %), JPL (7.71 %), and HUS (8.35 %) are key players; for GLONASS,
COD dominates at 36.41 %, with ESA at 28.64 % and GRG at 23.91 %; for Galileo,
the contributions are more distributed among COD (18.08 %), ESA (15.86 %), GRG
(14.96 %), and HUS (11.32 %). These weights, derived from long-term performance eval-
uations, reflect the relative accuracy and reliability of each center’s orbit products, which
are then optimally averaged to create the final, higher-quality IGS combined orbits.
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Figure 6: ACs’ orbit contribution to the combination till week 2393
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Figure 7: Stability of orbit products from different ACs at daily boundaries

2) Orbit day-boundary discontinuity analysis

The stability of orbit products at the boundary between processing days is a critical
quality indicator. The analysis for 2025 (DOY 068-200) shows that COD’s orbit products
exhibit the smallest day-boundary discontinuities, representing the most stable continuity.
Specifically, the radial discontinuity for GPS is lowest for COD at 2.94 mm, compared to
5.92 mm for GRG, 15.88 mm for HUS, 6.34 mm for JPL, and 4.67 mm for WCC. For
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Galileo, COD again shows the best stability at 3.13 mm, followed by WCC at 5.01 mm,
with GRG, JPL, and HUS showing larger jumps. This metric measures the consistency of
orbit estimates at day boundary; smaller values indicate smoother orbits, which are vital
for long-term data analysis and real-time applications. GPS orbits generally show smaller
discontinuities than Galileo across all centers. WCC’s combined product, while not the
absolute best in this specific metric, maintains a very competitive performance close to
the top.

3) Clock and bias combination weights

In the combination of satellite clock and bias estimates, the contributions from COD
and GRG products are the most significant, ranking as the top two contributors. The
detailed breakdown of accumulated contributions until GPS Week 2393 highlights the
following weight distribution: COD leads with 22.42 %, followed by GRG at 15.78 %,
HUS at 15.21 %, ESA at 14.47 %, EMR at 14.13 %, JPL at 9.27 %, and GFZ at 8.73 %.
These weights are dynamically determined based on the long-term stability, accuracy,
and consistency of each analysis center’s clock solutions. A higher weight signifies that a
center’s clock product has consistently agreed well with the collective solution from other
centers and has shown low noise and high reliability. The combination process leverages
these strengths to generate a “best-estimate” clock product that is more accurate and
stable than any single center’s solution alone.
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Figure 8: ACs’ clock contribution to the combination till week 2393

4) Clock/Bias day-boundary discontinuity performance
A standout result from the 2025 evaluation is the exceptional stability of WCC’s integer
clock products at day boundaries. The discontinuity values for WCC are orders of mag-
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nitude smaller than those of other centers. For GPS, WCC’s discontinuity is merely 5.35
picoseconds (ps), compared to 70.56 ps for JPL, 193.50 ps for HUS, 220.74 ps for GRG, and
352.43 ps for COD. For Galileo, WCC’s performance is even better at 4.53 ps, while others
range from 81.55 ps (JPL) to 200.98 ps (COD). This dramatically lower discontinuity is
a direct benefit of using integer clock estimation, which aligns the clock parameters with
the integer nature of carrier-phase ambiguities. This results in a much smoother and more
consistent time series for satellite clocks, which is fundamentally important for enabling
high-precision PPP-AR and for maintaining the coherence of timing applications.
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Figure 9: ACs’ clock contribution to the combination till week 2393

5) Clock stability assessment
The long-term stability of satellite and receiver clocks is evaluated using a set of 9 satellites
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from different GPS block types (IIIA, IIIF, etc.) and 6 ground stations equipped with
highly stable hydrogen maser frequency standards. The assessment is based on analyzing
7-day arcs of accumulated clock estimates, which helps to characterize the noise and drift
behavior over time. The results indicate that the satellite and receiver clock and bias sta-
bility is relatively consistent across the different analysis centers (ACs). This consistency
implies that the fundamental quality of the estimated clock parameters is high and agreed
upon by various independent processing lines. The Modified Allan Deviation or a similar
stability measure is likely used to quantify this, showing that the core timing characteris-
tics are reliably captured in the combined solution, ensuring dependable performance for
time transfer and long-baseline positioning.

The clock/bias MDEW results In week 2377
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Figure 10: Assessment of long-term stability of satellite and receiver clocks

6) PPP-AR validation performance

The PPP-AR validation results clearly demonstrate that the positioning precision achieved
using products from the WCC surpasses that of other leading ACs, namely COD, HUS, and
GRG. This superior performance indicates that WCC’s combined satellite orbit and clock
solutions provide a more accurate and reliable foundation for PPP-AR. This enhancement
is crucial for high-precision applications in geodesy, surveying, and scientific research,
where millimeter-to-centimeter-level accuracy is required.
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Figure 11: Positioning Accuracy Assessment: WCC vs. COD, HUS, and GRG

2.5 The introduction of WCC website and product storage FTP

The cornerstone for public information is the official WCC webpage hosted on the IGS
portal at https://igs.org/wg/wcc. This site acts as the authoritative source for under-
standing the center’s mission, scope, and activities. The site also offers news updates,
technical descriptions of the combination methodology, and essential links for data access,
making it an indispensable resource for researchers, collaborators, and users worldwide
who seek to understand the foundation and output of the WCC’s work.

The WCC combined products are accessible at ftps://bdspride.com. This FTPS server
forms the technical backbone of the center’s operations. It is the central hub where the
combined products — categorized as rapid, and final — are stored and disseminated to
the global user community.

3 The task force to draw out a new combination statistic
format

3.1 The background to draw out the new format
Since 1994, the IGS Analysis Center Coordinator (ACC) has consistently executed product

combination tasks, generated high-stability combined solutions and established feedback
mechanisms to assess AC quality and drive technical advancements. As a core output, the
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Figure 12: The official WCC webpage on the IGS portal

ACC publishes Summary files (e.g., IGSOOPSRAP_20251850000_01D_01D_CLS.SUM) cover-
ing satellite clock weights, Earth Rotation Parameters (ERP), orbit precision, and Helmert
transformation parameters, supported by a web-based visualization system (http://acc.
igs.org/). However, with the initiation of the third IGS data reprocessing campaign
(Repro3), advancements in PPP-AR Working Group (WG), and the efforts of the Wuhan
Combination Center (WCC) WG, multi-GNSS combination has become pervasive. Con-
sequently, the traditional reporting architecture no longer satisfies the complex descriptive
demands of multi-constellation, multi-frequency, and emerging signal characteristics. To
address this, the Working Group on Standardization of Product Combination Statistics
Formats was officially established on October 21, 2025, with the approval and support of
the IGS Governing Board (GB) and Infrastructure Committee (IC). This group aims to
develop comprehensive information standards to assist ACs and PPP users.

3.2 Motivation

For ACs, the architectural defects of existing summary files present severe challenges
in diagnosing potential product quality issues. First, combination statistics lack a uni-
fied standardized format. Orbit (*SUM.SUM) and clock (*CLS.SUM) data are segregated
into disparate files and lack critical combined bias information; this physical and logical
separation significantly increases the complexity of data retrieval. Second, visualization
capabilities are severely deficient. The absence of supporting plotting programs prevents
ACs from intuitively transforming obscure text-based statistics into quality trends (e.g.,
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Figure 13: IGSOOPSRAP_20251850000_01D_01D_CLS.SUM

RMSE heatmaps), limiting the ability to rapidly identify anomaly patterns and assess
stability. Finally, existing reports suffer from a critical lack of metadata support. The ab-
sence of contextual details — such as AC identifiers, satellite systems, and antenna models
— reduces data interpretability and hinders the precise localization of observations.
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Figure 14: Orbit RMSE heatmaps

For PPP users, existing Summary files fail to provide key statistics, such as specific epochs
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for orbit and clock outliers, making it impossible to effectively identify faulty satellites and
anomalous periods in AC products. This deficiency allows corrupted data to participate
directly in PPP processing, severely compromising positioning convergence speed and final
accuracy.
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Figure 15: The difference between epochs of the station clock

3.3 Goals

This initiative aims to establish a standardized combination statistics format and associ-
ated toolset to fulfill three core functions: empowering ACs to efficiently conduct quality
self-assessments and diagnostics via clear statistical indicators; providing PPP users with
high-precision quality metrics to identify and exclude outliers in orbits, clocks, and biases
for ensured positioning reliability; and developing auxiliary plotting tools to enable au-
tomated visualization, thereby comprehensively enhancing the efficiency of data analysis
and application.

3.4 The KOM of the task force

On December 16, 2025, IGS Task Force for the format standard of the combination statis-
tics held its Kick-off Meeting (KOM) to formally establish the strategic direction and
outline the preliminary planning for the new generation of statistical standard formats.
The meeting centered on the motivation and goals of the standardization, featuring in-
depth discussions on four key technical topics: 1) the logical basis for the primary clas-
sification index (Analysis Center name vs. product type); 2) the technical selection of
data interchange formats (comparison of JSON vs. SINEX adaptability); 3) the necessity
of including multi-frequency signal biases in the statistical scope; and 4) the integration
strategy for ERP combination information.
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Specifically, the meeting first conducted an in-depth review of the historical limitations
inherent in the traditional IGS summary file system (e.g., *CLS.SUM and *SUM. SUM). It was
confirmed that the legacy system can no longer satisfy the urgent demands of ACs for re-
fined quality monitoring, nor does it meet the requirements of PPP users for high-precision
and high-reliability positioning. Consequently, the meeting formally established three core
strategic goals for the new generation standard format: establishing a format for ACs to
easily inspect their product problems, creating a format for PPP users to exclude outliers
(e.g., orbits, clocks, and bias), and developing auxiliary tools to plot the relevant statis-
tics of combination results. Building upon these defined objectives, the meeting further
outlined the content architecture of the new format, preliminarily identifying four core
modules: Introductory Information (to record context such as AC strategies, reference
frames, and antenna models), followed by integrated statistics modules for clock, orbit,
and bias. Furthermore, the meeting held an in-depth discussion regarding the technical se-
lection of data interchange formats. To balance the scientific community’s traditions with
modern IT interoperability, three candidate formats were selected for subsequent testing
and evaluation: SINEX (continuing the general standard in geodesy), JSON (adapted for
efficient Web transmission and parsing), and YAML (balancing human readability with
machine parsing). Finally, the meeting proposed a significant recommendation to include
information related to coordinate combination in the new format, thereby ensuring a more
comprehensive file system.
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1 The CODE consortium

CODE, the Center for Orbit Determination in Europe, is a joint venture of the following
four institutions:
e Astronomical Institute, University of Bern (AIUB), Bern, Switzerland
e Federal Office of Topography swisstopo, Wabern, Switzerland
e Federal Agency of Cartography and Geodesy (BKG), Frankfurt a. M., Germany
e Institute for Astronomical and Physical Geodesy, Technical University of Munich
(IAPG, TUM), Munich, Germany

The operational computations are performed at AIUB, whereas IGS-related reprocessing

activities are usually carried out at IAPG, TUM. All solutions and products are generated

with the latest development version of the Bernese GNSS Software (Dach et al., 2015a).
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2 CODE products available to the public

A wide range of GNSS solutions based on a rigorously combined GPS/GLONASS /Galileo
data processing scheme is computed at CODE supporting the following IGS legacy product
chains:

e Ultra-rapid series with several updates per day (GPS+GLONASS+Galileo).
The ultra-rapid products contain also a prediction for near-real time applications.
List of result files are provided in Table 1.

e Rapid series is computed once per day (GPS+GLONASS+Galileo).
Note that there is an update of the rapid solution, see Dach et al. (2015b).
List of result files are provided in Table 2.

e Final series is submitted once per week (GPS+GLONASS+Galileo).
Until GPS week 2037 (November 27", 2022) the final solution did only consider
GPS+GLONASS measurements.
List of result files are provided in Table 3.

The products are made available through anonymous ftp at:
ftp://ftp.aiub.unibe.ch/CODE/ or
http://ftp.aiub.unibe.ch/CODE/ or
http://www.aiub.unibe.ch/download/CODE/

With GPS week 2238, the IGS started to use a new product filenaming scheme. The tables
provide both, the new and old product filenames.

Furthermore, CODE contributes to the IGS MGEX project with a five-system solution
considering GPS, GLONASS, Galileo, BeiDou, and QZSS where the related products are
published at:
ftp://ftp.aiub.unibe.ch/CODE_MGEX/ or
http://www.aiub.unibe.ch/download/CODE_MGEX/

Up to the inclusion of Galileo into CODE’s final solution in GPS week 2238 (November
281 2022), the triple-system solution (GPS, GLONASS, Galileo) from CODE’s rapid
processing is also kept accessible at:
ftp://ftp.aiub.unibe.ch/CODE/yyyy_M or
http://www.aiub.unibe.ch/download/CODE/yyyy_M/
overview of the related product files is given in Table 4.

Tables 5 and 6 compile the product files submitted by CODE to the IGS data centers.

Within the table the following abbreviations are used:

yyyy Year (four digits) ddd Day of Year (DOY) (three digits)
yy Year (two digits) wwww  GPS Week
yymm  Year, Month wwwwd  GPS Week and Day of week

A new download environment will become active in mid of 2026. Related information can
be obtained at https://www.bernese.unibe.ch/docs/new_download_server.pdf .
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2 CODE products available to the public

Table 1: CODE’s ultra-rapid products available through anonymous ftp.

CODE ultra-rapid products available at ftp://ftp.aiub.unibe.ch/CODE

CODOOPSULT. SP3 (old: COD.EPH_U)
CODE ultra-rapid GNSS orbits (GPS+GLONASS+Galileo) with 5 minutes sampling
CODOOPSULT . ERP (Old: COD.ERP_U)
CODE ultra-rapid ERPs belonging to the ultra-rapid GNSS orbit product
CODOOPSULT . TRO (Old: COD.TRO_U)
CODE ultra-rapid troposphere product, troposphere SINEX format
CODOOPSULT. SNX (old: COD.SNX_U.Z)
SINEX file from the CODE ultra-rapid solution containing station coordinates, ERPs, and satellite
antenna Z-offsets
CODOOPSULT_TRO.SNX (old: COD_TRO.SNX_U.Z)
CODE ultra-rapid solution, as above but with troposphere parameters for selected sites, SINEX
format
CODOOPSULT.SUM (old: COD.SUM_U)
Summary of stations used for the latest ultra-rapid orbit product
CODOOPSULT. ION (old: COD.ION_U)
Last update of CODE rapid ionosphere product (1day) complemented with ionosphere predictions
(2 days), Bernese format
CODOOPSULT_yyyyddd0000_01D_05M_ORB.SP3 (old:CODwwwwd . EPH_U)
CODE ultra-rapid GNSS orbits from the 24UT solution available until the corresponding early
rapid orbit is available (to ensure a complete coverage of orbits even if the early rapid solution is
delayed after the first ultra-rapid solution of the day)
CODOOPSULT_yyyyddd0000_01D_01D_ERP.ERP (old: CODwwwwd.ERP_U)
CODE ultra-rapid ERPs belonging to the above ultra-rapid GNSS orbits

The CODE ultra-rapid products are provided with static filenames containing the latest results.

Result files for CODE 5-day GNSS orbit predictions
available at ftp://ftp.aiub.unibe.ch/CODE

CODOOPSPRD_05D.SP3 (Old: COD. EPH_SD)
CODE 5-day GNSS orbit predictions
CODOOPSPRD_yyyyddd0000_05D_05M_ORB. SP3 (old: CODwwwwd.EPH_5D)
CODE 5-day GNSS orbit predictions
CODOOPSPRD_yyyyddd0000_21D_06H_ERP.ERP (old: CODwwwwd.ERP_5D)
CODE predicted ERPs belonging to the predicted orbits

Note, that as soon as a final product is available the corresponding rapid, ultra-rapid, or predicted products

are removed from the anonymous FTP server.
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Table 2: CODE’s rapid products available through anonymous ftp.

CODE early rapid products: GPS+GLONASS+Galileo; third day of a 72-hour solution
available at ftp://ftp.aiub.unibe.ch/CODE

CODOOPSRAP_yyyyddd0000_01D_O5M_ORB.SP3 (Old: CDwawwd.EPH_R)

CODE early rapid GNSS orbits with 5 minutes sampling
CODOOPSRAP_yyyyddd0000_01D_01D_ERP.ERP (old: CODwwwwd.ERP_R)

CODE early rapid ERPs belonging to the early rapid orbits
CODOOPSRAP_yyyyddd0000_01D_30S_CLK.CLK (old: CODwwwwd.CLK_R)
CODOOPSRAP_yyyyddd0000_01D_30S_CLK . CLK_V2

CODE GNSS clock product related to the early rapid orbit, clock RINEX format (versions 3.04

and 2.00)

CODOOPSRAP_yyyyddd0000_01D_01H_TRO.TRO (old: CODwwwwd.TRO_R)

CODE rapid troposphere product, troposphere SINEX format
CODOOPSRAP_yyyyddd0000_01D_01D_SOL.SNX (old: CODwwwwd.SNX_R.Z)

SINEX file from the CODE rapid solution containing station coordinates, ERPs, and satellite

antenna Z-offsets, SINEX format
CODOOPSRAP_yyyyddd0000_01D_02H_TRO.SNX (old: CODwwwwd_TRO.SNX_R.Z)

CODE rapid solution, as above but with troposphere parameters for selected sites, SINEX format
CODOOPSRAP_yyyyddd0000_01D_01D_0SB.BIA

Code/phase biases related to the early rapid orbit and clock corrections, Bias-SINEX format

Note: Integer-cycle clocks in conjunction with accompanying code/phase biases enable PPP-AR

(ftp://ftp.aiub.unibe.ch/CODE/IAR README.TXT)
CODOOPSRAP_yyyyddd0000_01D_30S_ATT.0BX

Satellite attitude, ORBEX format

CODE final rapid products: GPS+GLONASS+Galileo; middle day of a long-arc solution
where the rapid observations were completed by a subsequent ultra-rapid dataset
available at ftp://ftp.aiub.unibe.ch/CODE

CODMOPSRAP_yyyyddd0000_01D_O5M_ORB.SP3 (Old: COwawwd.EPH_M)

CODE final rapid GNSS orbits with 5 minutes sampling
CODMOPSRAP_yyyyddd0000_01D_01D_ERP.ERP (old: CODwwwwd.ERP_M)

CODE final rapid ERPs belonging to the final rapid orbits
CODMOPSRAP_yyyyddd0000_01D_30S_CLK.CLK (old: CODwwwwd.CLK_M)
CODMOPSRAP_yyyyddd0000_01D_30S_CLK.CLK_V2

CODE GNSS clock product related to the final rapid orbit, clock RINEX format (versions 3.04

and 2.00)

CODMOPSRAP_yyyyddd0000_01D_01D_0SB.BIA

Code/phase biases related to the final rapid orbit and clock corrections, Bias-SINEX format

Note: Integer-cycle clocks in conjunction with accompanying code/phase biases enable PPP-AR

(ftp://ftp.aiub.unibe.ch/CODE/IAR _README.TXT)

Note, that as soon as a final product is available the corresponding rapid, ultra-rapid, or predicted products

are removed from the anonymous FTP server.
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2 CODE products available to the public

Table 2: CODE’s rapid products available through anonymous ftp (continued).

Result files for CODE rapid ionosphere solution
available at ftp://ftp.aiub.unibe.ch/CODE

CODOOPSRAP_yyyyddd0000_01D_01H_GIM.INX.gz (Old: CORGdddO. ny)

CODE rapid ionosphere product, IONEX format
CODOOPSRAP_yyyyddd0000_01D_O1H_GIM.ION (old: CODwwwwd.ION_R)

CODE rapid ionosphere product, Bernese format
CODOOPSRAP_yyyyddd0000_01D_01D_GIM.RNX (old: CGIMdddO.yyN_R)

Improved Klobuchar-style coefficients based on CODE rapid ionosphere product, RINEX format

CODOOPSPRD_yyyyddd0000_01D_01H_GIM.INX.gz (old: COPGAddO.yyI)
CODE ionosphere predictions, IONEX format

CODOOPSPRD_yyyyddd0000_01D_01H_GIM.ION (old: CODwwwwd.ION_P)
CODE ionosphere predictions, Bernese format

CODOOPSPRD_yyyyddd0000_01D_01D_GIM.RNX (old: CGIMdddO.yyN_P)
Predictions of improved Klobuchar-style coefficients, RINEX format

Result files for CODE bias product generation
available at ftp://ftp.aiub.unibe.ch/CODE

P1C1.DCB CODE sliding 30-day P1—C1 DCB solution, Bernese format,
containing only the GPS satellites

P1P2.DCB CODE sliding 30-day P1—P2 DCB solution, Bernese format,
containing the GPS and GLONASS satellites

P1P2_ALL.DCB CODE sliding 30-day P1—P2 DCB solution, Bernese format,
containing the GPS and GLONASS satellites and all stations used

P1P2_GPS.DCB CODE sliding 30-day P1—P2 DCB solution, Bernese format,

containing only the GPS satellites

P1C1_RINEX.DCB CODE sliding 30-day P1—C1 DCB values directly extracted from RINEX
observation files, Bernese format, containing the GPS and GLONASS satellites
and all stations used

P2C2_RINEX.DCB CODE sliding 30-day P2—C2 DCB values directly extracted from RINEX
observation files, Bernese format, containing the GPS and GLONASS satellites
and all stations used

CODE.DCB Combination of P1P2.DCB and P1C1.DCB

CODE_FULL.DCB Combination of P1P2.DCB, P1C1.DCB (GPS Satellites)7 P1C1_RINEX.DCB
(GLONASS satellites), and P2C2_RINEX.DCB

CODE.BIA Same content but stored as OSBs in the Bias SINEX format

CODE_MONTHLY.BIA Cumulative monthly OSB solution in Bias SINEX format

Note, that as soon as a final product is available the corresponding rapid, ultra-rapid, or predicted products

are removed from the anonymous FTP server.
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Table 3: CODE’s final products available through anonymous ftp.

CODE final products available at ftp://ftp.aiub.unibe.ch/CODE/yyyy/

CODOOPSFIN_yyyyddd0000_01D_O5M_ORB.SP3.gz (old: CODwwwwd.EPH.Z)
CODE final GPS+GLONASS+Galileo orbits
CODOOPSFIN_yyyyddd0000_01D_01D_ERP.ERP.gz (old: CODwwwwd.ERP.Z)
CODE final ERPs belonging to the final orbits
CODOOPSFIN_yyyyddd0000_01D_30S_CLK.CLK.gz (old: CODwwwwd_v3.CLK.Z)
CODOOPSFIN_yyyyddd0000_01D_30S_CLK.CLK_V2.gz (old: CODwwwwd.CLK.Z)
CODE final clock product, clock RINEX format (versions 3.04 and 2.00), with a sampling of 30 sec
for the GNSS satellite and reference (station) clock corrections and 5 minutes for all other station
clock corrections
CODOOPSFIN_yyyyddd0000_01D_05S_CLK.CLK.gz (old: CODwwwwd_v3.CLK_05.Z)
CODOOPSFIN_yyyyddd0000_01D_05S_CLK.CLK_V2.gz (old: CODwwwwd.CLK_05S.Z)
CODE final clock product, clock RINEX format (versions 3.04 and 2.00), with a sampling of 5sec
for the GNSS satellite and reference (station) clock corrections and 5 minutes for all other station
clock corrections
CODOOPSFIN_yyyyddd0000_01D_01D_0SB.BIA.gz (old: CODwwwwd.BIA.Z)
CODE daily code and phase bias solution corresponding to the above mentioned clock products,
bias SINEX format v1.00
See ftp://ftp.aiub.unibe.ch/CODE/IAR_README.TXT for the usage of the phase biases.
CODOOPSFIN_yyyyddd0000_01D_30S_ATT.0BX.gz (old: CODwwwwd.O0BX.Z)
Satellite attitude information in ORBEX format
CODOOPSFIN_yyyyddd0000_01D_01D_SOL.SNX.gz (old: CODwwwwd.SNX.Z)
CODE daily final solution, SINEX format
CODOOPSFIN_yyyyddd0000_01D_01H_TRO.TRO.gz (old: CODwwwwd.TRO.Z)
CODE final troposphere product, troposphere SINEX format
CODOOPSFIN_yyyyddd0000_01D_O1H_GIM.INX.gz (old: CODGdddO.yyI.Z)
CODE final ionosphere product, IONEX format
CODOOPSFIN_yyyyddd0000_01D_01H_GIM.ION.gz (old: CODwwwwd.ION.Z)
CODE final ionosphere product, Bernese format
CODOOPSFIN_yyyyddd0000_01D_01D_GIM.RNX.gz (also still available: CGIMddd0.yyN.Z)
Improved Klobuchar-style ionosphere coefficients, navigation RINEX format
CODOOPSFIN_yyyyddd0000_07D_07D_SOL.SNX.gz (old: CODwwww7.SNX.Z)
CODE weekly final solution, SINEX format (only for Sunday of the related week)
CODOOPSFIN_yyyyddd0000_07D_01D_ERP.ERP.gz (old: CODwwww7.ERP.Z)
Collection of the 7 daily CODE-ERP solutions of the week (only for Sunday of the related week)
CODOOPSFIN_yyyyddd0000_07D_01D_SUM.SUM.gz (old: CODwwww7 .SUM.Z)
CODE weekly summary file (only for Sunday of the related week)

CODE final bias products available at ftp://ftp.aiub.unibe.ch/CODE /yyyy/

P1Clyymm.DCB.Z CODE monthly P1—-C1 DCB solution, Bernese format,
containing only the GPS satellites
P1P2yymm.DCB.Z CODE monthly P1-P2 DCB solution, Bernese format,

containing the GPS and GLONASS satellites

P1P2yymm_ALL.DCB.Z CODE monthly P1—P2 DCB solution, Bernese format,
containing the GPS and GLONASS satellites and all stations used

P1Clyymm_RINEX.DCB.Z CODE monthly P1-C1 DCB values directly extracted from RINEX
observation files, Bernese format, containing the GPS and GLONASS
satellites and all stations used

P2C2yymm_RINEX.DCB.Z CODE monthly P2—C2 DCB values directly extracted from RINEX
observation files, Bernese format, containing the GPS and GLONASS
satellites and all stations used
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2 CODE products available to the public

Table 4: CODE’s MGEX products available through anonymous ftp.
CODE MGEX products available at ftp://ftp.aiub.unibe.ch/CODE_MGEX/CODE/yyyy/

CODOMGXFIN_yyyyddd0000_01D_O5M_ORB.SP3.gz ﬁﬂd:CUMwwwwd.EPH.Z)
CODE MGEX final GNSS orbits for GPS, GLONASS, Galileo, BeiDou, and QZSS satellites, SP3
format
CODOMGXFIN_yyyyddd0000_01D_12H_ERP.ERP.gz ﬁﬂd:CUMwwwwd.ERP.Z)
CODE MGEX final ERPs belonging to the MGEX final orbits
CODOMGXFIN_yyyyddd0000_01D_30S_CLK.CLK.gz (old: COMwwwwd_v3.CLK.Z )
(old: COMwwwwd.CLK.Z version 2.00)
CODE MGEX final clock product consistent to the MGEX final orbits, clock RINEX format
(version 3.04), with a sampling of 30sec for the GNSS satellite and reference (station) clock
corrections and 5 minutes for all other station clock corrections
CODOMGXFIN_yyyyddd0000_01D_01D_0SB.BIA.gz ﬁﬂd:CUMwwwwd.BIA.Z)
GNSS code and phase biases related to the MGEX final clock correction product, bias SINEX
format v1.00
See ftp://ftp.aiub.unibe.ch/CODE/IAR_README. TXT for the usage of the phase biases.
CODOMGXFIN_yyyyddd0000_01D_30S_ATT.0BX.gz (old: COMwwwwd.0BX.Z )
Satellite attitude information in ORBEX format

Table 5: CODE final products available in the product areas of the IGS data centers.

Files generated from three—day long—arc solutions:

CODOOPSFIN_yyyyddd0000_01D_05M_ORB.SP3.gz (old: codwwwwd.eph.Z)

GNSS ephemeris/clock data in daily files at 15—min intervals in SP3 format, including accuracy

codes computed from a long—arc analysis
CODOOPSFIN_yyyyddd0000_01D_01D_ERP.ERP.gz (old: codwwwwd.erp.Z)

GNSS ERP (pole, UT1-UTC) solution belonging to the COD—orbit files in IGS IERS ERP format
CODOOPSFIN_yyyyddd0000_01D_01D_SOL.SNX.gz (old: codwwwwd.snx.Z)

GNSS daily coordinates/ERP/GCC from the long—arc solution in SINEX format
CODOOPSFIN_yyyyddd0000_01D_30S_CLK.CLK.gz (old: codwwwwd_v3.clk.Z)
CODOOPSFIN_yyyyddd0000_01D_30S_CLK.CLK_V2.gz (old: codwwwwd.clk.Z)

GNSS satellite and receiver clock corrections at 30-sec intervals referring to the COD—-orbits from

the long—arc analysis in clock RINEX format (versions 3.04 and 2.00)
CODOOPSFIN_yyyyddd0000_01D_05S_CLK.CLK.gz (old: codwwwwd_v3.clk_05s.Z)
CODOOPSFIN_yyyyddd0000_01D_05S_CLK.CLK_V2.gz (old: codwwwwd.clk_05s.Z)

GNSS satellite and receiver clock corrections at 5—sec intervals referring to the COD-orbits from

the long—arc analysis in clock RINEX format (versions 3.04 and 2.00)
CODOOPSFIN_yyyyddd0000_01D_01D_0SB.BIA.gz (old: codwwwwd.bia.Z)

CODE daily code and phase bias solution corresponding to the above mentioned clock products
CODOOPSFIN_yyyyddd0000_01D_30S_ATT.0BX.gz (old: codwwwwd.obx.Z)

Satellite attitude information in ORBEX format
CODOOPSFIN_yyyyddd0000_01D_01H_TRO.TRO.gz (old: codwwwwd.tro.Z)

GNSS 2-hour troposphere delay estimates obtained from the long—arc solution in troposphere

SINEX format
CODOOPSFIN_yyyyddd0000_07D_01D_ERP.ERP.gz (old: codwwww7.erp.Z)

GNSS ERP (pole, UT1-UTC) solution, collection of the 7 daily COD-ERP solutions of the week

in IGS IERS ERP format
CODOOPSFIN_yyyyddd0000_07D_01D_SUM.SUM.gz (old: codwwww7.sum)

Analysis summary for 1 week

Note that the COD—series is identical with the files posted at the CODE’s aftp server, see Table
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CODE Analysis Center

Table 5: CODE final products available in the product areas of the IGS data centers (continued).

Other product files (not available at all data centers):

CODOOPSFIN_yyyyddd0000_01D_O1H_GIM.INX.gz (old: CODGAddO.yyI.Z)
GNSS hourly global ionosphere maps in IONEX format, including satellite and receiver P1—-P2
code bias values
CODNOPSFIN_yyyyddd0000_01D_O1H_GIM.INX.gz (old: CKMGAddO.yyI.Z)
GNSS daily Klobuchar-style ionospheric (alpha and beta) coefficients in IONEX format
CODKOPSFIN_yyyyddd0000_01D_01H_GIM.INX.gz (old: GPSGddd0.yyI.Z)
Klobuchar-style ionospheric (alpha and beta) coefficients from GPS navigation messages
represented in IONEX format

Table 6: CODE MGEX products available in the product areas of the IGS data centers.

Files generated from three—day long—arc MGEX solutions:

CODOMGXFIN_yyyyddd0000_01D_O5M_ORB.SP3.gz
CODE MGEX final GNSS orbits for GPS, GLONASS, Galileo, BeiDou, and QZSS satellites,
SP3 format
CODOMGXFIN_yyyyddd0000_01D_12H_ERP.ERP.gz
CODE MGEX final ERPs belonging to the MGEX final orbits
CODOMGXFIN_yyyyddd0000_01D_30S_CLK.CLK.gz
CODE MGEX final clock product consistent to the MGEX final orbits, clock RINEX 3.04
format, with a sampling of 30 sec for the GNSS satellite and reference (station) clock corrections
and 5 minutes for all other station clock corrections
CODOMGXFIN_yyyyddd0000_01D_01D_0SB.BIA.gz
GNSS code and phase (GPS and Galileo only) biases related to the MGEX final clock
correction product, Bias SINEX format v1.00
CODOMGXFIN_yyyyddd0000_01D_30S_ATT.0BX.gz
Satellite attitude information in ORBEX format

Note that the COD-MGEX-series is identical with the files posted at the CODE’s aftp server, see Table
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3 Statistics on the CODE solution

Referencing of the products

The products from CODE have been registered and should be referenced as:

e Dach, R., S. Schaer, D. Arnold, E. Brockmann, M. Kalarus, C. Kobel, M. Lasser,
P. Stebler, A. Jaggi (2026). CODE final product series for the IGS. Published by

Astronomical Institute, University of Bern.
URL: https://www.aiub.unibe.ch/download /CODE; DOI: 10.48620/97773.

e Dach, R., S. Schaer, D. Arnold, E. Brockmann, M. Kalarus, C. Kobel, M. Lasser,
P. Stebler, A. Jaggi (2026). CODE rapid product series for the IGS. Published by
Astronomical Institute, University of Bern. URL: https://www.aiub.unibe.ch/
download/CODE; DOI: 10.48620/97772.

e Dach, R., S. Schaer, D. Arnold, E. Brockmann, M. Kalarus, C. Kobel, M. Lasser,
P. Stebler, A. Jaggi (2026). CODE ultra-rapid product series for the IGS. Published
by Astronomical Institute, University of Bern. URL: https://www.aiub.unibe.ch/
download/CODE; DOI: 10.48620/97774.

e Dach, R., S. Schaer, D. Arnold, E. Brockmann, M. Kalarus, C. Kobel, M. Lasser,
P. Stebler, A. Jéggi (2026). CODE product series for the IGS MGEX project. Pub-
lished by Astronomical Institute, University of Bern. URL: https://www.aiub.
unibe.ch/download/CODE_MGEX; DOI: 10.48620,/97775.

3 Statistics on the CODE solution

3.1 Selected general statistics

The network used by CODE for the final and MGEX processing is shown in Figure 1. In
autumn 2025, 66 sites were added to the CODE final solution. Stations were selected by
geometrical location, data availability and coordinate repeatability performance. This is
also illustrated in Figure 2 where the number of stations are plotted that are contributing
with measurements from the various GNSS to the operational CODE final solution.

The development of the included satellite systems in the CODE solution is illustrated in
Figure 3. Since May 2003 CODE is generating all its products for the IGS legacy series
based on a combined GPS and GLONASS solution. Since 2012 the MGEX solution from
CODE contains Galileo satellites and with beginning of 2014 also the satellites from the
Asian systems BeiDou and QZSS. In March 2021, the BeiDou 3 constellation was added
to the processing. For that reason a jump in the number of processed BeiDou satellites
appears in the plot. End of 2025, the MGEX solution includes about 124 satellites of five
satellite systems. Since Feb. 8, 2026 (week 2405) BDS-2 satellites are no longer processed
(switching to L1/L5 instead of L2/L6). Therefore, the MGEX CODE orbit products
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CODE Analysis Center

CODE-Final-2025: +66 sites

e CODE-Final-2024: 255 sites

(a) Final solution: increased in autumn 2025 by 66 sites (from 255 to 321 sites)

QZSS e Galileo -  GPS
BeiDou * GLONASS

(b) MGEX solution (more than 140 stations)

Figure 1: Network used for the processing at CODE by the end of 2025.
contain in total 10 satellites less since then.
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Figure 2: Development of the number of stations contributing to the operational CODE final
solution with measurements from the various GNSS.
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Figure 3: Development of the number of satellites in the CODE orbit products (operational final
and MGEX).
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Table 7: Selected events and modifications of the CODE processing during 2025 (and beginning
2026).

Date DoY/Year Description

11-Jan-2025  011/2025 Gemoagnetic pole handling updated.

02-Feb-2025  033/2025  I1GS20 -> IGb20 (week 2353).

06-Feb-2025  037/2025 MGEX-QZSS: L1C/L2L -> L1C/L5Q.

17-Feb-2025  048/2025 Activated IGRF14.

14-Nov-2025  318/2025  Addition of 66 stations to IGS final products.

02-Dec-2025  336,/2025 I1GS20_2388.ATX: SINEX code for G079, E225, E226, E227, E232 labled
IGS20_2353.

12-Jan-2026  012/2025  IGb20 -> 1Gc20 (week 2401) and switch to IGS20_2401.ATX.

08-Feb-2026  039/2026  MGEX-BeiDou: L1/L5 instead of L2/L6, now w/o BeiDou-2.

4 Changes in the daily processing for the IGS

The CODE processing scheme for daily IGS analyses is constantly subject to updates and
improvements. The changes of the previous year 2024 were published in the last technical
report in Dach et al. (2025).

Table 7 gives an overview of the major changes implemented during the year 2025. Details
on the analysis strategy can be found in the IGS analysis questionnaire at the IGS Central
Bureau (https://files.igs.org/pub/center/analysis/code.acn).

Several other improvements not listed in Table 7 were implemented, too. Those mainly
concern data download and management, sophistication of CODFE’s analysis strategy,
software changes (improvements), and many more. As these changes are virtually not
relevant for users of CODE products, they will not be detailed on any further.

5 Verifying the multi-GNSS processing strategy at CODE

CODE started the practice of a rigorous combination of observations from various GNSS
more than 20 years ago. It is expected that

e Receiver antenna — even from different GNSS — refer to one point. This implies
— the scale of each GNSS is fully consistent.
— Antenna phase center offsets are perfectly calibrated across the systems.

— No deficiency in antenna phase center variations does map into troposphere
model.

e There is only a constant hardware delays in the receiver independent from the dif-
ferent signals from the various GNSS.
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5 Verifying the multi-GNSS processing strategy at CODE

® BeiDou * Galileo *  GLONASS +  GPS

Figure 4: Network from CODE’s final solution that has been used for the test solutions (network
as of 2024).

In particular with the last assumption a strong Connection between the measurements
from various GNSS a achieved. On the other hand, it sets the most stringent requirements
to the receiver and antenna hardware.

In the past, only a few old GPS+GLONASS receivers from the 1990ties did require some
subdaily variations for the hardware delays (Dach et al., 2010). Nevertheless there are a
number of analysis centers (e.g., ESA or MIT) that did decide to keep the receiver clock
corrections independent for each system. Of course offers this approach more flexibility,
since the contributions from the various systems can be combined on normal equation
level (after pre-eliminating the huge number of clock parameters). At the same time, it
reduces the redundancy of the parameter estimation by the number of epochs minus one
for each station and involved system.

Whether it is justified to apply the closer connection of the observations from the different
GNSS by only one intersystem bias per station, system and day or whether independent
receiver clock corrections per GNSS are needed is assessed by generating both solution
types. The network CODE is using for its final processing is used (see Figure 4). Both
solution series have been generated over a period from 2020 to end of 2024. As far as the
recivers did support and the antennas have been calibrated, up to four systems have been
considered in the processing: GPS, GLONASS, Galileo, and BeiDou.

The usual quality parameters like, a posteriori unit of weight from the parameter adjust-
ment, ambiguity resolution rate etc. did not show an unexpected behaviour indicating
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Receiver type

== JAVAD TRE_3 = | EICA GR30 = SEPT ASTERX4 == SEPT POLARX5TR === TRIMBLE ALLOY
=== JAVAD TRE_3 DELTA == | EICA GR50 == SEPT POLARX4TR = TPS NET-G3A == TRIMBLE NETR9
me= JAVAD TRE_G3TH DELTA === LEICA GRX1200GGPRO == SEPT POLARX5

3

Coordinate differences U in mm

Stations sorted w.r.t. receiver type

Figure 5: Coordinate differences between the solution series with one daly intersystem bias and
independent receiver clock estimation per system (histogram of the up component;
station sorted according to the receiver types).

the need for the additional parameters to separate the receiver clock corrections. As an
example for the comparison of solutions from the two solution series may serve the station
coordinates — as one of the key elements of the IGS products. The datum definition was
done with minimum constraint solutions applying no-net-rotation and -translation con-
ditions (NNR and NNT) on a verfied set of reference frame stations — in fact the same
stations per solution series. The coordinate differences of the up component is displayed
in Figure 5. The differences in the horizontal components are for most of the stations
are below 0.1 mm in some cases up to 0.2mm . In this sense, the solutions can be seen as
identical within the noise level.

In summary, there is no need to reduce the redundancy of the solution by introducing
addtional parameters in order to obtain independent receiver clock parameters per system
and epoch. The approach — implemented in the CODE analysis center processing — to
setup constant inter-system biases per day is fully sufficient (of course for GLONASS also
the interfrequency biases need to be considered).
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6 Development on Earth Orientation Parameters products at BKG

6 Development on Earth Orientation Parameters products at
BKG

6.1 Activities on the Multi-Technique Combination of Earth Rotation
Parameters

The activities on the multi-technique combination of Earth Rotation Parameters (ERPs)
at BKG were continued throughout 2025.

The work is part of the ongoing development of a multi-technique combination strategy
at the level of datum-free normal equations (NEQs). The core objective is to improve
the estimation of ERPs through the use of consistent input data from multiple geodetic
space techniques, currently GNSS, VLBI, and SLR. This combination ensures a homoge-
neous reference frame and a consistent set of estimated parameters. The NEQs of seven
consecutive days are combined into one NEQ system before the datum constraints are
applied, and the parameters, in particular ERPs and station coordinates, are estimated.
Repeating this procedure on a daily basis results in a continuous ERP series with a daily
resolution and short latency of one day, which is particularly important for the highly
variable parameter dUT1.

The methodology and the results of the combination approach, including the integration
of SLR observations, are described in previous reports and publications (Lengert et al.,
2021, 2022; Klemm et al., 2024a,a).

During the reporting period of 2025, no major methodological changes were introduced.
Instead, the existing processing strategy and operational workflow were further maintained
and continued. The activities focused on the routine generation, monitoring, and valida-
tion of the combined ERP series as well as on the ongoing assessment of the stability and
consistency of the multi-technique combination. Further details and updated analyses will
be presented in Klemm et al. (20206).

6.2 ERP Prediction Using GNSS Products from the CODE Analysis Center

Accurate prediction of Earth Rotation Parameters (ERP), particularly polar motion and
Length of Day (LOD), is essential for real-time applications such as satellite orbit deter-
mination, GNSS positioning, precise navigation, and Earth system monitoring (Sliwirniska-
Bronowicz et al. | 2024). Among the space geodetic techniques, GNSS provides highly
stable and continuous observations of polar motion and LOD with dense temporal sampling
and low operational latency. In particular, the CODE Analysis Center delivers high-quality
daily ERP solutions derived solely from GNSS observations using the Bernese GNSS Soft-
ware. The CODE rapid products are available with a latency of approximately 1-2 days,
making them especially suitable for operational short-term ERP prediction (Modiri et al.,

2024).

79



CODE Analysis Center

During the last year, the ERP prediction activities at BKG have evolved substantially
from the earlier SSA+Copula-based framework toward a broader operational and physics-
informed prediction system focused mainly on polar motion and LOD prediction. The
latest developments integrate CODE GNSS rapid products together with IERS C04, BKG
SLR, and the new BKG Combined Rapid EOP series within a unified prediction frame-
work (Modiri et al., 2026). The updated system now supports operational prediction
experiments for PMx, PMy, and LOD using both single-technique and multi-technique
geodetic solutions.

A major methodological advancement is the transition from the purely data-driven SSA+
Copula model toward a physics-informed LS+AR+EAM@GFZ approach. In this frame-
work, Effective Angular Momentum (EAM) forecasts from GFZ are incorporated as phys-
ical forcing through the Liouville equations, while the remaining geodetic—geophysical
residuals are modeled using harmonic least-squares estimation and autoregressive predic-
tion. The approach combines deterministic geophysical excitation modeling with stochas-
tic residual forecasting and has been evaluated operationally using rolling daily prediction
experiments for 1-10 day prediction horizons (Modiri et al., 2026).

The latest published experiments demonstrate that the incorporation of GFZ EAM fore-
casts significantly improves the prediction skill compared to the earlier SSA+Copula base-
line, particularly for polar motion and LOD prediction. The LS+ AR+EAMQGFZ frame-
work produces systematically lower MAE and WRMS values for PMx and PMy, especially
beyond prediction horizons of 3-5 days. The results indicate that the inclusion of geo-
physical excitation information helps constrain medium-range forecast error growth and
improves the overall stability of polar motion prediction.

For LOD prediction, previous CODE GNSS-based experiments using the SSA+Copula
framework already demonstrated the high potential of CODE rapid products as low-
latency input data (Modiri et al.,, 2020). In the latest published study, the physics-

Table 8: Current status and ongoing developments related to CODE GNSS-based ERP prediction
activities at BKG.

Component Current operational  Latest development Next planned step
status

Polar  Motion CODE GNSS rapid  Physics-informed Implement

(PMx/PMy) & products used as LS+AR+EAMQ@GFZ LS+AR+EAMQGFZ

LOD low-latency ERP successfully directly for CODE
input series. validated using GNSS polar motion
SSA+Copula IERS C04 and prediction and LOD.
prediction combined EOP Integration of
successfully series geophysically
implemented informed AI/ML

approaches.
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informed LS+AR+EAMQGFZ framework was evaluated primarily using IERS C04 and
combined EOP input series, where the results showed substantial improvements over the
SSA+Copula baseline (Modiri et al., 2026). After removing the conventional IERS zonal
tidal model, a strong correlation (>0.8) was identified between residual LOD and the axial
component of GFZ EAM forecasts, confirming the dominant role of geophysical excitation
in short-term LOD variability. The reported results demonstrate that the physics-informed
approach is capable of maintaining very low prediction errors over 1-10 day horizons and
achieves performance comparable to, or better than, leading contributions reported within
the Second Earth Orientation Parameters Prediction Comparison Campaign (EOP-PCC).
A summary of the current status, recent developments, and planned next steps for CODE
GNSS-based ERP prediction activities at BKG is provided in Table

These encouraging results provide the basis for the next development step at BKG, imple-
menting and validating the LS+AR+EAMQGFZ framework directly for CODE GNSS-
derived polar motion and LOD time series. The latest developments confirm that CODE
GNSS-derived ERP products remain a fundamental resource for operational polar motion
and LOD prediction at BKG due to their low latency, high temporal resolution, and inter-
nal consistency. Current ongoing developments focus on extending the physics-informed
framework toward CODE-specific operational prediction and integrating geophysically
informed machine-learning methods, including hybrid neural-network architectures and
Al-supported prediction systems, to further improve the robustness and accuracy of ultra-
short-term and short-term ERP prediction.

References

Dach, R., S. Lutz, P. Walser, and P. Fridez, editors. Bernese GNSS Software, Version
5.2. Astronomical Institute, University of Bern, Bern, Switzerland, November 2015.
ISBN 978-3-906813-05-9. doi: 10.7892/boris.72297. URL ftp://ftp.aiub.unibe.ch/
BERN52/D0OCU/DOCU52. pdf. User manual.

Dach, R., S. Schaer, S. Lutz, D. Arnold, H. Bock, E. Orliac, L. Prange, A. Villiger,
L. Mervart, A. Jaggi, G. Beutler, E. Brockmann, D. Ineichen, A. Wiget, D. Thaller,
H. Habrich, W. Séhne, J. Ihde, P. Steigenberger, and U. Hugentobler. CODE Analysis
center: IGS Technical Report 2014. In Y. Jean and R. Dach, editors, International
GNSS Service: Technical Report 2014, pages 21-34. IGS Central Bureau, May 2015.
doi: 10.7892/boris.80306.

Dach, R., S. Schaer, S. Lutz, M. Meindl, and G. Beutler. Combining the Observations
from Different GNSS. In Proceedings EUREF 2010 Symposium, Gévle, Sweden, June
02-05, 2010.

Dach, R., S. Schaer, D. Arnold, E. Brockmann, M. Kalarus, M. Lasser, P. Stebler, A. Jaggi,
A. Villiger, D. Ineichen, L. Prange, S. Lutz, D. Thaller, L. Klemm, S. Modiri, A. Riiilke,

81


ftp://ftp.aiub.unibe.ch/BERN52/DOCU/DOCU52.pdf
ftp://ftp.aiub.unibe.ch/BERN52/DOCU/DOCU52.pdf

CODE Analysis Center

W. S6hne, J. Bouman, U. Hugentobler, and B. Duan. CODE Analysis center: IGS
Technical Report 2024. In R. Dach and E. Brockmann, editors, International GNSS
Service: Technical Report 2024, pages 53—78. IGS Central Bureau, May 2025. doi:
10.48620/88697.

Klemm, L., D. Thaller, C. Flohrer, A. Kehm, S. Bachmann, S. Modiri, G. Engelhardt,
M. Goltz, S. Schade, D. Konig. Earth Rotation Parameter Products at BKG: From
Different Single-Technique Solutions to a Unified Multi-Technique Approach. In: In-
ternational Association of Geodesy Symposia. Springer, Berlin, Heidelberg, 2026. (in
review).

Klemm L., D. Thaller, C. Flohrer, A. Walenta, D. Ullrich, H. Hellmers. Intra-Technique
Combination of VLBI Intensives and Rapid Data to Improve the Temporal Regularity
and Continuity of the UT1-UTC Series. To appear in: Proceedings of the IAG Inter-
national Symposia. Springer, Berlin, Heidelberg, 2024a. https://doi.org/10.1007/
1345_2023_235

Klemm L., D. Thaller, C. Flohrer, A. Walenta, D. Ullrich, H. Hellmers. Consistently
Combined Earth Orientation Parameters at BKG — Extended by new VLBI Intensives
Data. To appear in: Proceedings of the 28" General Assembly of the International
Union of Geodesy and Geophysics (IUGG2023) in Berlin, Germany, 2024b.

Lengert L., D. Thaller, C. Flohrer, H. Hellmers, A. Girdiuk. Combination of GNSS
and VLBI data for consistent estimation of Earth Rotation Parameters. Proceed-
ings of the 25" European VLBI Group for Geodesy and Astrometry Working Meet-
ing (EVGA 2021). (eds. R. Haas). ISBN: 978-91-88041-41-8, 2021. URL: https:
//www.oso.chalmers.se/evga/25_EVGA_2021_Cyberspace.pdf.

Lengert L., D. Thaller, C. Flohrer, H. Hellmers, A. Girdiuk. On the improvement of com-
bined EOP series by adding 24-hour VLBI sessions to VLBI Intensives and GNSS data.
Proceedings of the 2021 TAG Symposium, Beijing, China, in print, 2022. Proceedings
of the IAG International Symposia. Vol. 154, 2022. https://doi.org/10.1007/1345_
2022_175

Modiri, S., S. Belda, M. Hoseini, R. Heinkelmann, J. M. Ferrandiz, H. Schuh. A new
hybrid method to improve the ultra-short-term prediction of LOD. Journal of Geodesy,
94(2), 23, 2020. https://doi.org/10.1007/s00190-020-01354-y

Modiri, S., D. Thaller, S. Belda, D. Halilovic, L. Klemm, D. Konig, H. Hellmers, S. Bach-
mann, C. Flohrer, A. Walenta. EOP prediction based on multi and single technique
space geodetic solution. In Proceedings of the International Association of Geodesy Sym-
posia (pp. 1-11). Springer Berlin Heidelberg, 2024. https://doi.org/10.1007/1345_
2024_251

Modiri, S., D. Thaller, L. Klemm, S. Belda, S. Guessoum, A. Kehm, D. Kénig, C. Flohrer.
Operational and Research Developments in Short-Term EOP Prediction at BKG.

82


https://doi.org/10.1007/1345_2023_235
https://doi.org/10.1007/1345_2023_235
https://www.oso.chalmers.se/evga/25_EVGA_2021_Cyberspace.pdf
https://www.oso.chalmers.se/evga/25_EVGA_2021_Cyberspace.pdf
https://doi.org/10.1007/1345_2022_175
https://doi.org/10.1007/1345_2022_175
https://doi.org/10.1007/s00190-020-01354-y
https://doi.org/10.1007/1345_2024_251
https://doi.org/10.1007/1345_2024_251

References

International Association of Geodesy Symposia. Springer, Berlin, Heidelberg, 2026.
https://doi.org/10.1007/1345_2026_324

Sliwiniska-Bronowicz, J., T. Kur, M. Winska, et al. Assessment of length-of-day and
universal time predictions based on the results of the Second Earth Orientation Pa-
rameters Prediction Comparison Campaign. Journal of Geodesy, 98, 22, 2024). https:
//doi.org/10.1007/s00190-024-01824-7

All publications, posters, and presentations of the Satellite Geodesy research group at
AIUB are available at http://www.bernese.unibe.ch/publist.

83


https://doi.org/10.1007/1345_2026_324
https://doi.org/10.1007/s00190-024-01824-7
https://doi.org/10.1007/s00190-024-01824-7
http://www.bernese.unibe.ch/publist

CODE Analysis Center

84



ESA/ESOC IGS Analysis Centre
Technical Report 2025

V. Mayer?, T. Springer®, M. van Kints?,
. Traiser?, I. Romero*, Ivan Sermanoukian Molina?,
F. Gini!, F. Zimmermann!, E. Schonemann!, the ESA/ESOC IGS team

vs)

European Space Operations Centre, Darmstadt, Germany
SSC Space GmbH, Darmstadt, Germany

VisionSpace Technologies, Darmstadt, Germany

Canary Space Consulting, Bristol, UK

PosiTim, Seeheim-Jugenheim, Germany

T o W N =

1 Introduction

The IGS Analysis Center (AC) operated by the Navigation Support Office of the European
Space Agency (ESA) is located at the European Space Operations Center (ESOC) in
Darmstadt, Germany. Since joining the IGS at its establishment in 1992, the ESA /ESOC
Analysis Centre (ESA AC) has played an integral role in its activities. This report provides
an overview of key initiatives and contributions of the IGS Analysis Centre at ESOC. This
includes routine generation of high-precision GNSS products, provision of GNSS ground
station data, and its key roles in IGS committees and projects.

In 2025, the ESA AC adopted a new processing system, which significantly improved
computational robustness, efficiency, and product quality (see Section ), also in support
of the upcoming GENESIS mission (see Section b).

2 ESA IGS Contributions

2.1 Routine Products

The ESA AC GNSS product contribution to the IGS community:

e Final: GPS, Galileo, GLONASS, BeiDou, QZSS; daily; available within 4 days;
24h solutions with 200 stations and 110 satellites; includes Orbits, Clocks (30s),
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SINEX, ERPs, Troposphere; NEW: Long-term Differential Code Bias (DCB) (19
signal combinations) since 2017.

e Rapid: GPS, GLONASS; daily for previous day; available within 2h; 24h solutions
with 150 stations and 55 satellites; includes Orbits, Clocks, ERPs, Troposphere.

e Ultra-Rapid: GPS, GLONASS; 4 times/day; available within 3h; 48h interval (24h
estimated + 24h predicted); includes Orbits, Clocks (30s), SINEX, ERPs, Tropo-
sphere.

e Global Ionosphere Maps: GPS, GLONASS, Galileo, BeiDou, QZSS (final only);
Final maps available within 4 days with 2h step-size. Rapid within 10h with 1 or 2
hours step-size

e GNSS Sensor Stations: Ten globally distributed EGON stations; Multi-GNSS,
RINEX with 30s, real-time data with 1s sampling.

A general overview of all the different ESA GNSS products may be found at:
http://navigation-office.esa.int/GNSS_based_products.html

An up to date description of the ESA IGS Analysis strategy may always be found at:
http://navigation-office.esa.int/products/gnss-products/esa.acn

2.2 Product Changes

The Navigation Support Office has developed a novel GNSS processing concept called
CHAMP, which stands for Consolidated High Accuracy Multi-GNSS Processing (Gini,
2024b). Based on constellation-wise data processing and normal equation stacking, the
method is used to efficiently generate GNSS products for all five global navigation sys-
tems (GPS, Galileo, GLONASS, BeiDou, QZSS). A modular design allows the different
projects within the Navigation Support Office to combine the necessary constellation re-
sults, leading to substantial savings in CPU power and storage requirements. On Feburary
3rd, 2025, ESA started to generate its AC contribution with CHAMP operationally. The
changes most relevant to the users are summarized in Table

2.3 Product Highlights

The ESA AC delivers comprehensive and high-quality products. A consistent set of GNSS
orbit and clock products allows for multi-GNSS precise point positioning, with final clock
products sampled at 30-second intervals to support this application.

A distinctive feature of ESA products is their basis on completely independent 24-hour
solutions. While this approach does not necessarily yield the smoothest results — since
real-world orbits and Earth Orientation Parameters (EOPs) are continuous — it offers
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2 ESA IGS Contributions

2024 2025 (CHAMP)

Constellation-wise
processing + NEQ

Combined processing of

P i t .
rocessmg concep all constellations

stacking

GPS (LIW-L2W)
Constellations and GPS (L1W-L2W) Galileo (E1C-E5Q)
Frequency Galileo (E1C-E5Q) GLONASS (L1P-L2P)
Combinations GLONASS (L1P-L2P) BeiDou-3 (L1P-L5P)

QZSS (L1L-L5Q)

Number of used

stations 150 200

Ground antenna
calibration required for No Yes
used signals

Transmitter Antenna
Calibrations

Zero-mean P1C1
correction based on
UTC clock alignment No Yes

Table 1: Comparison of ESA AC Final solution: 2024 vs. 2025 (CHAMP)

igs20.atx esa23.atx [IGSMAIL-8394]

CODE.BIA ESAO0OPSFIN DCB.BIA

significant scientific value by eliminating aliasing and smoothing between consecutive so-
lutions. Another advantage is timeliness: ESA rapid products are typically available
already within two hours after the end of the observation day.

ESA products are based on a box-wing model for GNSS satellites to account for solar
radiation pressure, Earth albedo, and infrared effects. These block-type-specific models
are regularly validated and refined, particularly for new satellites, which often include
undocumented features that can significantly influence radiation pressure.

With the introduction of CHAMP, ESA has further enhanced product quality and consis-
tency. By including BeiDou and QZSS in its IGS FINAL contribution, the ESA AC could
demonstrate its capability to process multi-constellation solutions. Satellite and station
clock products are now aligned to UTC via the UTC(ESOC) realisation, enabled by in-
corporating ground stations connected to ESOC timing facilities equipped with hydrogen
masers.

The ESA AC has decided to adopt manufacturer-provided Phase Center Offset (PCO)
calibrations for Galileo and GPS Block III satellites via esa23.atx, replacing igs20.atx.
This is done to avoid inconsistencies in the processing. Furthermore, ESA now uses its
own in-house DCB estimates for the P1C1 correction instead of the CODE values. The
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calibration differences introduce a scale offset and increase the RMS of station clocks,
while the DCB differences raise the RMS of GPS satellite clocks. However, the standard
deviation of the clocks, widely regarded as the more meaningful metric, remains very low.
Both changes have been reviewed and approved by the IGS combination centers.

In 2025, ESOC introduced the Bias SINEX product ESAOOPSFIN_DCB.BIA, which defines
a stable Bias Reference Frame (BREF) by providing long-term Differential Signal Bias
(DSB) estimates for all signals from Galileo, GPS, BeiDou, and QZSS. ESA follows the
PCO correction convention outlined in IGSMAIL-8113. Nineteen unique signal combina-
tions are estimated daily — four for Galileo, five for GPS, five for BeiDou, and five for
QZSS. Similar to the terrestrial reference frame generation, daily solutions are stacked,
and discontinuities are introduced to account for jumps. BREF generation is implemented
as a CHAMP subsystem and is based on the AC Final solution. The product is publicly
available at the ESA Navigation Support Office website and is updated whenever bias
values change or new satellites begin broadcasting. The ultimate goal is to enable full
interoperability across all signals.

3 Governing Board and Committees

e Dr. Erik Schénemann is the Chairman of the GNSS Monitoring Pilot Project.

e Dr. Francesco Gini is the Chairman of the RINEX-RTCM committee to ensure
format standardization to meet the needs of the IGS and of the the GNSS industry.

4 GNSS Sensor Station Network Upgrade

ESA/ESOC continues to provide worldwide data for all GNSS constellations to the IGS
via 10 of its 11 public stations. ESA’s GNSS Observation Network (EGON) currently
consist of 25 stations and will be further expanded.

Since 2023, EGON operates exclusively Septentrio PolarRx5 receivers with the latest
firmware installed (2025) to enable tracking of all GNSS global and regional satellite
constellation signals (such as NavIC L1, QZSS C/B, etc.). The receivers are paired at
all locations with Septentrio PolaNt Choke Ring B3EG6 antennas, except for MGUE,
MAL2, MAS1 and FAA1, where Leica AR25.R4 antennas are installed.

The ESOC GNSS Reference Station network operates Septentrio PolaRx5TR, timing re-
ceivers at all 3 ESA Deep Space sites (CEBR, MGUE, and NNOR), where high quality
H-masers are available for signal generation. Additionally, PolaRx5TR are also installed
at 4 other ESA tracking locations (KIRU, KOUR, REDU, SNTM), which together make
up the core of EGON. In addition, a PolaRx5TR timing receiver is operated at station
ESOC in Darmstadt, for which data is now also publicly available, using the UTC(ESOC)
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5 GENESIS

ESA's GNSS OBSERVATION NETWORK (EGON)

Figure 1: ESA/ESOC GNSS Station Network |[http://navigation-office.esa.int/ESA’s_
GNSS_0Observation_Network_(EGON) .html]

realisation already mentioned above.

ESA/ESOC continues to contribute a full complement of RINEX 4 data — after migrating
from RINEX 3 in mid-2025 — covering all signals and all satellites in view in daily, hourly
and high-rate modes to the IGS from 10 of its public stations: VILL, CEBR, FAA1, KIRU,
KOUR, MAS1, MAL2, NNOR, REDU and MGUE.

Additionally, in the next few years worldwide coverage is planned to be further enhanced.

5 GENESIS

The ESA Precise Navigation System (EPNS) can process data from the four space geode-
tic techniques, and the Navigation Support Office routinely computes and contributes
products to the IGS, ILRS and IDS services of the IAG. In addition, the Navigation Sup-
port Office is currently an Associated AC for VLBI (IVS). To ensure that the software is
fully prepared for GENESIS, activities to combine the observation of these four different
techniques in one single solution were re-initiated. The activities focus on the GNSS and
SLR data of the routine IGS and ILRS targets and include Sentinel-6A as a proxy for
the upcoming GENESIS mission. The current results are already promising; however,
substantial work still lies ahead. In addition to addressing shortcomings in the current
solutions, DORIS and VLBI data will be included, and local site ties of stations that co-
locate multiple geodetic techniques will be incorporated. The current status was presented
at the 2025 TAG Scientific Assembly (Sermanoukian, 2025).
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6 Summary

Engagement in the IGS community remains a key priority for ESA. This is reflected in
how the targets of the IGS 2021+ Strategic Planning align with ESA’s contributions and
technical developments.

By including BeiDou and QZSS in the IGS FINAL products, the ESA AC is supporting
IGS Goal 1: Multi-GNSS Technical Excellence. In addition, the new ESAOOPSFIN
DCB product, which includes 19 signal combinations, makes the various GNSS signals
more accessible to the community.

ESA’s success in GNSS is built on close collaboration among researchers, scientists, nav-
igation engineers, and operators, ensuring that operational products benefit from new
concepts and methods in a timely manner. The ESA AC also works closely with other
ESA experts, such as the GNSS Science Support Centre (GSSC), and GNSS specialists
worldwide on a daily basis. ESA actively participates in IGS working groups and com-
mittees to improve exchange formats (e.g., RINEX-RTCM) and to strengthen links with
system providers (e.g., IGMA). These activities support IGS Goal 2: Qutreach and
Engagement.

In line with IGS Goal 3: Sustainability and Resilience, the ESA AC has invested
in infrastructure, personnel development and redundancy to ensure reliable operations
and future growth. Minimising external dependencies is a key focus. Robustness was a
central requirement in the development of CHAMP, which now includes improved logic to
distinguish between healthy and faulty input data and automated anomaly detection.

After major successes in improving interoperability among individual GNSS systems, the
next challenge is enhancing interoperability between GNSS and the other three Space
Geodesy techniques. The ESA AC has started prioritising this effort to prepare for the
upcoming ESA GENESIS mission.
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1 Summary

During 2025, the standard IGS product generation was continued with minor changes in
the processing software EPOS.P8. The GNSS observation modeling follows the repro3
(3rd IGS Reprocessing campaign) settings. Operational products cover GPS, GLONASS,
and Galileo. The multi-GNSS processing was continued routinely during 2025 including
GPS, GLONASS, BeiDou, Galileo, and QZSS.

2 Products

The list of products provided to the IGS by GFZ is summarized in Table 1. The long
naming scheme was introduced for the IGS products in week 2238.

3 Operational Data Processing and Latest Changes

The EPOS.P8 processing software is following the TERS Conventions 2010 Petit and
Luzum (2010) and the repro3 standards, changes in the processing lines are reported
in Table 2. Operational processing lines cover approximately 140, 120, and 70 sites for
IGS final, rapid and ultra-rapid chains, respectively. Since 2020 the ultra-rapid, rapid,
and final products are available via GFZ Information System and Data Center (ISDC,
https://isdc.gfz-potsdam.de/gnss-products/) and referenced under DOIs:
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Table 1: List of products provided by GFZ AC to IGS and MGEX; YD = YYYYDDDO0000. The
long naming scheme was introduced for the IGS products in week 2238.

IGS Final (GLONASS since week 1579, Galileo since week 2238)

GFZOOPSFIN YD 01D _05M ORB.SP3
GFZOOPSFIN YD 01D_30S_CLK.CLK

GFZOOPSFIN_YD_01D_01D_SOL.SNX
GFZOOPSFIN_YD _07D_01D_ERP.ERP
GFZOOPSFIN_YD 07D _07D_DSC.SUM
GFZOOPSFIN_YD 01D _01H_TRO.TRO

GFZOOPSFIN_YD 01D _02H_ION.IOX

Daily orbits for GPS/GLONASS satellites
Clocks for stations (5min) and satellites
(30sec)

Daily SINEX files

Earth rotation parameters

Summary file including Inter-Frequency Code
Biases (IFB) for GLONASS

Troposphere estimates (1h ZPD, 24h gradi-
ents)

Tonosphere product, IONEX format

IGS Rapid (GLONASS since week 1579, Galileo since week 2159)

GFZOOPSRAP_YD_ 01D_05M_ORB.SP3
GFZOOPSRAP YD 01D _30S_CLK.CLK
GFZOOPSRAP YD 01D_01D_ERP.ERP

GFZOOPSRAP_YD_01D_01D_DSC.SUM
GFZOOPSRAP YD 01D_02H ION.IOX

Daily orbits for GPS, GLONASS, Galileo
satellites

Clocks for stations (5min) and satellites
(30sec)

Daily Earth rotation parameters

Summary file

Tonosphere product, IONEX format

IGS Ultra-Rapid (every 3 hours; provided to IGS every 6 hours; GLONASS since week 1603,
Galileo since week 2159, YDH = YYYYDDDHHO00)

GFZ0OPSULT YDH 02D 05M_ORB.SP3

GFZ0OPSULT YDH 02D 01D ERP.ERP
GFZOOPSULT _YDH_01D_01D_DSC.SUM

Adjusted and predicted orbits for GPS,
GLONASS, Galileo satellites

Earth rotation parameters

Summary file

MGEX Rapid containing GPS, GLONASS, Galileo, BeiDou, and QZSS

GBMOMGXRAP_YD_01D_05M ORB.SP3
GBMOMGXRAP_YD_01D_30S_CLK.CLK

GBMOMGXRAP_YD 01D_01D_ERP.ERP
GBMOMGXRAP_YD_01D_01D_OSB.BIA
GBMOMGXRAP_YD 01D_01D_DCB.BSX

GBMOMGXRAP_YD 01D _01D_SOL.SNX
GBMOMGXRAP_YD 01D _30S_ATT.OBX

Daily satellite orbits

Clocks for stations (5min) and satellites
(30sec)

Daily Earth rotation parameters

Bias file: observable-specific signal bias

Bias file: differential code and inter-system bi-
ases

Daily SINEX file

Attitude quaternions (30sec)

e Minnel, B., Brandt, A., Nischan, T., Brack, A., Sakic, P., Bradke, M. (2020): GFZ
final product series for the International GNSS Service (IGS). GFZ Data Services.
https://doi.org/10.5880/GFZ.1.1.2020.002
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e Mannel, B., Brandt, A., Nischan, T., Brack, A., Sakic, P., Bradke, M. (2020): GFZ
rapid product series for the International GNSS Service (IGS). GFZ Data Services.
https://doi.org/10.5880/GFZ.1.1.2020.003

e Mainnel, B., Brandt, A., Nischan, T., Brack, A., Sakic, P., Bradke, M. (2020): GFZ
ultra-rapid product series for the International GNSS Service (IGS). GFZ Data Ser-
vices. https://doi.org/10.5880/GFZ.1.1.2020.004

Table 2: Recent processing changes

Date IGS IGR IGU Change

2025-01-09 w2347 w2348.4 w2347.3:12 administrative name change of GFZ to GFZ
Helmholtz Centre for Geosciences reflected in
products

2025-01-20 w2348 w2350.2 w2350.1:12 an inconsistency in LC checks during preprocessing
was fixed

2025-02-03 w2351 w2352.2 w2352.1:09 switch to igs20 2350.atx

2025-02-05 w2351 w2352.4 w2352.3:15 incorrect COMARP values for E16 and E23 have
been fixed

2025-03-04 w2356 w2356.3 w2356.2:18 switch to igs20 2356.atx

2025-03-20 w2358 w2358.5 w2358.4:12 switch from ITRF IGS20 to IGb20

2025-04-03 w2360 w2360.5 w2360.4:12 switch to igs20 2360.atx

2025-06-25 w2372 w2372.4 w2372.3:18 switch to igs20 2370.atx

2025-07-24 w2375 w2376.5 w2376.4:12 switch to igs20 2375.atx

2025-08-13 w2379 w2379.4 w2379.3:12 switch from igrfl3 to igrfl4

4 Multi-GNSS Data Processing

In 2025, the rapid multi-GNSS analysis product GFZMGX was routinely generated. The
solution comprised observations from five GNSS constellations, including GPS, GLONASS,
Galileo, BeiDou-2/3, and QZSS, with about 140 IGS ground stations and approximately
130 satellites processed (Fig. 1). Since GPS week 2352, the GFZMGX rapid product
GFZOMGXRAP has been provided in the IGb2020 reference frame. Furthermore, taking
into account station data availability and global distribution, a minor optimization of the
ground station network applied in the GFZMGX processing was activated at 2025/133.
All GFZ MGEX products are available at CDDIS, IGN, and GFZ servers. The address of
the GFZ server is ftp://ftp.gfz.de/GNSS/products/mgnss/.

e Deng, Z., Nischan, T., Bradke, M. (2017): Multi-GNSS Rapid Orbit-, Clock- &
EOP-Product Series. https://doi.org/10.5880/GFZ.1.1.2017.002
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Figure 1: Total number of satellite per GNSS included in the daily multi-GNSS data processing
GBM).

5 Real-time Products

Over the past years, GFZ has been developing a new real-time GNSS network processing
software, which has been operationally used for the IGS Real-Time Service since October
2025. The new GPS, GLONASS, and Galileo orbit and clock solutions are provided with
an update rate of five seconds, referring both to the satellite antenna phase centers as well
as the centers of mass, respectively. The satellite orbits are fixed to the predicted part
of the latest GFZ IGS ultra-rapid solution. The satellite clocks are estimated per epoch
from real-time observation data of a global network of around 65 IGS tracking stations in a
recursive least-squares adjustment using a sequential-scalar Kalman filter implementation.
The new solution is provided via the mount points SSRAO1GFZ* and SSRCO1GFZ*. More
details are available at:

e Brack, A.; He, S.; Wickert, J. (2026): Multi-GNSS real-time precise clock estimation
at GFZ: Introduction and evaluation of new data product. International Association
of Geodesy Symposia, to be published

6 Multi-GNSS Orbit and Clock Combination

As announced at Jan 24, 2025, SPOCC is now available for external usage. Further
details are given at https://gnss.gfz.de/services/spocc. With the publication of
the software we contribute to Goal 1 and 3 of the IGS 2021+ Strategic Plan. SPOCC
can handle all available constellations and is based on a well-defined framework, using
variance component estimation (VCE) to determine the weights. The combination can be
configured for different weighting schemes, ranging from AC specific to satellite type or
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even satellite specific weights, and the alignments can be based on different sets of satellite
orbits (Zajdel et al., 2025).

7 Operational lonosphere Products

The rapid and final global ionosphere map (GIM) products were continued in 2025 without
changes. Global VTEC maps with a temporal resolution of two hours are computed from
GPS, GLONASS, and Galileo observation data from around 250 IGS tracking stations.
The final solutions contain the middle day of a combination of three consecutive daily
solutions on the normal equation level. The processing is based on a rigorous least-
squares approach using uncombined code and phase observations, and does not entail
leveling techniques. A single-layer ionospheric model with a spherical harmonic VTEC
representation is applied. The products are provided via https://isdc.gfz-potsdam.
de/gnss-products as daily IONEX files following the IGS long-name definition. The
products are referenced under the DOI:

e Brack, A.; Ménnel, B.; Bradke, M.; Brandt, A.; Nischan, T. (2021): GFZ Global
Ionosphere Maps. GFZ Data Services. https://doi.org/10.5880/GFZ.1.1.2021.
006

8 Clock Modeling

In 2025, the EPOS.P8 processing software was enhanced with new capabilities for clock
estimation. In addition to the traditional epoch-wise clock solutions, the software now
supports piece-wise linear clock modeling for satellite and receiver clocks. This approach
has been implemented and successfully tested for several clock types, including the rubid-
ium clocks onboard GPS IIF and IITA satellites, the passive hydrogen maser clocks of the
Galileo FOC satellites, and more than 50 highly stable hydrogen maser stations within the
IGS network. The primary benefit of introducing clock models is the significant reduction
in the number of estimated clock parameters. By constraining the behavior of the clocks
through a piece-wise linear model, parameter correlations are reduced, leading to, e.g.,
more stable sub-daily height estimates.

e Widczisk, J; Méannel, B; Wickert, J (2026): Investigations into highly stable GNSS
ground and space clocks using a network of globally distributed H-maser stations.
GPS Solutions, 30:21. https://doi.org/10.1007/s10291-025-01986-7
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GFZ Global GNSS Network 2025
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Figure 2: GNSS stations operated by GFZ (as of January 2026).
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9 Operational GFZ Stations

The global GNSS station network operated by GFZ performed quite well in 2025 without
major issues and without major hardware changes. Regular firmware updates have being
performed to keep the existing receivers up to date. During 2025, our GNSS in Hanoi
(HUMG, Viet Nam) und Piura (PIUR, Peru) became additional IGS sites. In total 25
sites operated by GFZ contribute their data to the IGS netork with 1 Hz /15 minute data
files and 1 Hz data stream. Our GNSS station network is referenced under the DOI:

e Ramatschi, M; Bradke, M; Nischan, T; Méannel, B (2019): GNSS data of the global
GFZ tracking network. V. 1. GFZ Data Services. http://doi.org/10.5880/GFZ.
1.1.2020.001
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1 Introduction

The CNES-CLS Analysis Center is providing openly available final, rapid and ultra-rapid
products (according to the Goals 1 and 2 of the IGS 2021+ Strategic Plan (IGS Central
Bureau, 2021)) on behalf of the “Groupe de Recherches de Géodésie Spatiale” (GRGS)
using the GINS CNES software package.

The year 2025 was focused on enhancing the quality of all our products; the rapid and
ultra-rapid, the final and the MGEX solutions (now incorporating the BeiDou constellation
alongside GPS, GLONASS and Galileo). Significant efforts have also been dedicated to
refining the processing of satellite attitude data for all four constellations covered by our
products. In addition, we have begun computing code measurements for signals not used
in our main processing but required by certain users. These improvements are planned
for deployment in our products in the near future.

The formal “GRG” products can be downloaded from the IGS data centers directory: gps/
products/wwww. Any additional information and links to the CNES-CLS AC publications
can be found at https://igsac-cnes.cls.fr/.
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The list of all the GRG products delivered is given in Table | (for more information refer
to: https://igs.org/products/). The main evolutions during the last two years are
summarized in Table

Table 1: GRGS publicly available products

File Type Sampling

GRG final products GPS, GLONASS & Galileo (since week 2238)
Updated weekly

GRGOOPSFIN_YYYYDDDOOOO_01D_O5M_ORB.SP3 Satellite orbits 5 min
GRGOOPSFIN_YYYYDDDOOOO_01D_01D_0SB.BIA Observable specific biases 1/day
GRGOOPSFIN_YYYYDDDOOOO_01D_01D_SOL.SNX SINEX files l/day
GRGOOPSFIN_YYYYDDDOOOO_01D_02H_TRO.TRO Tropospheric estimation 2 hr

GRGOOPSFIN_YYYYDDDOOOO_01D_30S_ATT.0BX Satellite attitude 30 sec
GRGOOPSFIN_YYYYDDDO0OOO_01D_30S_CLK.CLK Satellite & station clocks 30 sec
GRGOOPSFIN_YYYYDDDOOOO_07D_O1D_ERP.ERP Earth rotation parameters 1/day

GRGOOPSFIN_YYYYDDDOOOO_07D_01D_SUM.SUM Summary file

MGEX products: GPS, GLONASS, Galileo & BeiDou (since week 2288)
Updated weekly

GRGOMGXFIN_YYYYDDDOOOO_01D_O5M_ORB.SP3 Satellite orbits 5 min
GRGOMGXFIN_YYYYDDDO0OOO_01D_01D_0SB.BIA Observable specific biases 1/day
GRGOMGXFIN_YYYYDDDOOOO_01D_30S_ATT.O0BX Satellite attitude 30 sec
GRGOMGXFIN_YYYYDDDO0OOO_01D_30S_CLK.CLK Satellite & station clocks 30 sec
GRGOMGXFIN_YYYYDDDOOOO_O7D_O1D_ERP.ERP Earth rotation parameters 1/day

Rapid products GPS, Galileo & BeiDou (since week 2238)
Updated daily

GRGOOPSRAP_YYYYDDDOOOO_01D_O5M_ORB.SP3  Satellite orbits 5 min
GRGOOPSRAP_YYYYDDDOOOO_01D_01D_0SB.BIA Observable specific biases 1/day
GRGOOPSRAP_YYYYDDDOOOO_01D_30S_ATT.0OBX Satellite attitude 30 sec
GRGOOPSRAP_YYYYDDDO0O0O_01D_30S_CLK.CLK Satellite & station clocks 30 sec
GRGOOPSRAP_YYYYDDDOOOO_01D_01D_ERP.ERP Earth rotation parameters 1/day

GRGOOPSRAP_YYYYDDDOOOO_01D_01D_SUM.SUM Summary file

Ultra-rapid products GPS, Galileo & BeiDou (since week 2238)
Updated four times a day

GRGOOPSULT_YYYYDDDO0OOO_02D_O5M_ORB.SP3  Satellite orbits 5 min
GRGOOPSULT_YYYYDDDO0OOO_01D_30S_ATT.0BX Satellite attitude 5 min
GRGOOPSULT_YYYYDDDOOOO_02D_30S_CLK.CLK Satellite & station clocks 5 min
GRGOOPSULT_YYYYDDDOOOO_02D_O1D_ERP.ERP Earth rotation parameters every 6 h

GRGOOPSULT_YYYYDDDOOOO_02D_02D_SUM.SUM Summary file
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3 Final & MGEX products

The formal “GRG” pproducts can be downloaded from the IGS data centers directory:
gps/products/wwww. Any additional information and links to the AC publications can be
found at https://igsac-cnes.cls.fr/.

The list of all the GRG products delivered is given in Table | (for more information refer
to: https://igs.org/products/). The main evolutions during the last two years are
summarized in Table

Table 2: Main CNES-CLS AC evolutions in 2024 and 2025

Date GPS week Change

04/03/2024 2304 Change of the gravity field model from RL04 to RLO5
(without degree 1)

2310 Addition of 24h prediction for the ultra-rapid products

02/06/2024 2317 Change to format 2.00 for the
GRGOOPSFIN_YD_01D_02H_TRO.TRO files

14/07/2024 2323 Inclusion of midnight epochs in the SP3/CLK/0BX final and
MGX products

22/12/2024 2340 Change from frequencies 26 to frequencies 15 for BeiDou
constellation in MGX products

02/02/2025 2352 Change to IGb20 reference frame

2 Rapid and Ultra-rapid products

Since May 2023, we have been providing rapid and ultra-rapid products for the GPS,
Galileo, and BeiDou constellations with fixed phase ambiguities. These products con-
tribute to the IGR and IGU combined products of the IGS (https://acc.igs.org) as
well as to the BAR pilot project combined products (https://igs.org/wg/bias-and-
ambiguity-resolution/), formerly associated with the PPP-AR working group (https:
//igs.org/wg/ppp-ar).

3 Final & MGEX products

Aside from the common transition to the IGb20 reference frame (see IGSMAIL #8543),
no changes were introduced to our products this year. Their quality remains high and
stable over time, as illustrated in Figure

In 2025, we continued our participation in the evaluation campaign of BDS-3 phase center
offset (PCO) estimates. The results indicate that the estimated values are stable and
coherent with those from the other ACs participating in the campaign.
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Figure 1: Sinex combination weight (top) and Orbit WRMS (bottom) with respect to IGS final
solutions for the AC contributions, as computed by the IGS/ACC (GRG contribution
highlighted in yellow). The corresponding plots are available via the IGS Plotter at
https://igsac-cnes.cls.fr/html/links.html

As decided by the ACs, the new BeiDou antenna PCO values will be applied to our MGEX
products starting from GPS week 2405.

4 Improvements in satellite attitude modeling

Significant changes have been implemented in the modelling of satellite attitudes for
the GREC constellations. The applied mathematical models have been refined and cor-
rected.

In addition, for the auxiliary attitude yaw law of the Galileo FOC satellites, we introduced
an additional computation step to compensate for the attitude differences that occur
when using different epoch intervals; for example 300 sec and 30 sec, as is the case for
ORBEX files (Figure 2). A linear interpolation procedure has been incorporated to more
precisely determine the entry time of the satellite in the collinearity region (and therefore
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4 Improvements in satellite attitude modeling

the auxiliary law). In addition to the attitude law given by EUSPA, we introduced the
equation I:

t1 —to
€1 — €

757‘ef =tp + (100 - 60) (1)

Where tg is referring to the “previous epoch” for time and collinearity angle and ¢y is
referring to the current epoch after the entry to the collinearity region. The term ¢,.y is
the exact time of entry to the auxiliary law where e = 10°. We apply the auxiliary law,
not at the last epoch (#p) of nominal law but the time exactly when the transition happens
(tref), i.e. when the collinearity angle is exactly 10°.

This additional step optimized the transition to the auxiliary yaw law and demonstrated
improvements in the overall orbit and clock overlap comparisons.

All these aforementioned corrections and additions will be incorporated into our Final,
MGEX, Rapid and Ultra-rapid products in the near future.
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Figure 2: An example of FOC E33 satellite in eclipse season, showing the difference in yaw angle
values when using 300sec step (in black) and 30sec step (in red) as calculated by GRG
AC.

103



CNES-CLS Analysis Center

5 Other studies in progress

In 2025, the CNES-CLS Analysis Center also initiated the development of a processing
chain for the generation of ionospheric products, including global Total Electron Content
(TEC) maps. The processing scheme relies exclusively on GNSS measurements and es-
timates the global ionospheric parameters through a least squares adjustment combined
with a spherical harmonics representation of the Vertical TEC (VTEC) field. The objec-
tive is to deliver IGS compliant ionospheric products and to contribute to the improvement
of the IGS global combined ionosphere solution (e.g. Figure 3).
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Figure 3: Example of an ionospheric map computed by the CNES CLS Analysis Center.

In parallel, we are developing new procedures for the estimation of Observable Specific
Biases (OSB). The GRG OSB products currently distributed are limited to the signals
used in our final and MGEX processing chains. However, some users require additional
signals compatible with our orbit and clock estimates. To address this need, we currently
employ four methods to derive these OSBs:

1. Use of ionospheric maps, adapted for the code biases between signals of differ-
ent frequencies. This approach can be applied either during the ionospheric map
generation process or by using external maps.

2. Combination of phase and code measurements, such as the wide lane (Melbourne-
Wiibbena) combination.

3. Ionosphere free combinations, for example, between code clocks and phase
clocks.

4. Direct differences of raw observations, applicable to signals on the same fre-
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quency. This method can be used to track code biases (directly) and phase biases (in
the form of fractional biases). In both code and phase cases, a network processing
is required to separate the satellite and the receiver contributions.

An example of the biases difference C2W-C2L derived using the fourth method is shown
in Figure 4.
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Figure 4: Top graph: C2L-C2W biases of GPS satellites. Bottom graph: Differences relative to
the mean values (one curve per GPS satellite).

6 References

CLS Exploitation de localisation géodésique et du service utilisateur IDS, Rapport seme-
triel de juin 2025, CLS-ENVP-NT-25-0121, 2025a

CLS Exploitation de localisation géodésique et du service utilisateur IDS, Rapport seme-
triel de déembre 2025, CLS-ENVP-NT-25-0267, 2025b

EUSPA  Galileo Satellite Metadata, https://www.gsc-europa.eu/support-to-
developers/galileo-satellite-metadata#3

IGS, International GNSS Service 2021+ Strategic Plan, https://files.igs.org/pub/
resource/pubs/IGS_Strategic_Plan_2021_Final.pdf, 2021

IGS, Precise Point Positioning with Ambiguity Resolution, 2025

IGS, IGS Analysis Center Coordinator (ACC), https://acc.igs.org, 2019

105


https://www.gsc-europa.eu/support-to-developers/galileo-satellite-metadata#3
https://www.gsc-europa.eu/support-to-developers/galileo-satellite-metadata#3
https://files.igs.org/pub/resource/pubs/IGS_Strategic_Plan_2021_Final.pdf
https://files.igs.org/pub/resource/pubs/IGS_Strategic_Plan_2021_Final.pdf
https://acc.igs.org

CNES-CLS Analysis Center

IGS, Bias and Ambiguity Resolution, https://igs.org/wg/bias-and-ambiguity-
resolution, 2025

Mezerette, A., S. Loyer, E. Saquet and A. Banos Garcia. CNES/CLS IGS Analysis Center:
Rapid & Ultra-rapid Products Overview. IGS Workshop Bern, Poster - 141, 2024

Saquet, E., S. Loyer, A. Mezerette, A. Banos Garcia, G. Katsigianni and A. Naouri.
CNES/CLS IGS Analysis Center: recent developments. IGS Workshop Bern, Poster -
128, 2024

106


https://igs.org/wg/bias-and-ambiguity-resolution
https://igs.org/wg/bias-and-ambiguity-resolution

Geospatial Information Authority of
Japan (GSI) and
Japan Aerospace Exploration Agency
(JAXA)
Analysis Center
Technical Report 2025

K. Akiyamal!, T. Miyazaki?, S. Abe?, K. Kawate!,
Y. Igarashi!, T. Sasaki', E. Imada', H. Takiguchi!, T. Nagano!, S. Kogure!,
K. Yoshinaga?, M. Yokokawa?, B. Miyahara?

1 Japan Aerospace Exploration Agency (JAXA),
Tsukuba, Japan

2 Geospatial Information Authority of Japan (GSI),
Tsukuba, Japan

1 Introduction

The Geospatial Information Authority of Japan (GSI) and Japan Aerospace Exploration
Agency (JAXA) jointly operate one of the IGS Analysis Centers (ACs) identified by the
acronym “JGX” and generate GNSS orbits, clocks, ERPs, and SINEX products. The main
processing engine of JGX is MADOCA software (Multi-GNSS Advanced Demonstration
tool for Orbit and Clock Analysis), which is developed and maintained by JAXA (Kawate
et al., 2023). JAXA is responsible for maintaining and improving the MADOCA software,
while GSI is responsible for the processing of JGX operational products using the software,
including quality control. Our contributions to the IGS community are summarized as
follows.

Our contributions

1. Provide independent results from other ACs via our original analysis software MADOCA.

2. Provide precise multi-GNSS products, e.g., GPS, GLONASS, Galileo, BDS and
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QZSS.
3. Provide more detailed information regarding the POD for QZSS.

4. Provide a stable supply of products through years of experience in product genera-
tion.

2 JGX Core Products

The JGX products provided by GSI and JAXA to IGS are listed in Table 1. The ultra-
rapid product has been provided since 11*" November 2024; however, it has not yet been
included in the IGS ultra-rapid combination.

Table 1: List of JGX products provided by GSI and JAXA to IGS.

JGX Final (weekly updates) GPS, GLONASS and Galileo

JGXOOPSFIN_YYYYDDDOOOO_O1D_O5M_ORB. SP3

JGXOOPSFIN_YYYYDDDOOOO_01D_30S_CLK.CLK
JGXOOPSFIN_YYYYDDDOOOO_01D_01D_SOL.SNX
JGXOOPSFIN_YYYYDDDOOOO_O1D_O1D_ERP.ERP

JGXOOPSFIN_YYYYDDDOOOO_01D_07D_DSC.SUM
JGXOOPSFIN_YYYYDDDOOOO_01D_30S_ATT.0BX

Daily GPS, GLONASS and Galileo orbits and
clocks with 5 min intervals

Daily GNSS satellite and station clocks with
30 sec intervals

Daily station coordinates and ERPs in SINEX
format

Daily Earth rotation parameters

Analysis summary for each processing

Daily satellite attitude in OBX format

JGX Rapid (daily updates) GPS, GLONASS and Galileo

JGXOOPSRAP_YYYYDDDO00OO_01D_O5M_ORB. SP3
JGXOOPSRAP_YYYYDDDOOOO_01D_30S_CLK.CLK
JGXOOPSRAP_YYYYDDDOOOO_01D_O1D_ERP.ERP

JGXOOPSRAP_YYYYDDD0000_01D_01D_DSC.SUM
JGXOOPSRAP_YYYYDDDOOOO_01D_O5M_ATT.0BX

Daily GPS, GLONASS and Galileo orbits and
clocks with 5 min intervals

Daily GNSS satellite and station clocks with
30 sec intervals

Daily Earth rotation parameters

Analysis summary for each processing

Daily satellite attitude in OBX format

JGX Ultra-Rapid (every 6 hours updates) GPS, GLONASS and Galileo

JGXOOPSULT_YYYYDDDHHOO_02D_0O5M_ORB. SP3

JGXOOPSULT_YYYYDDDHHOO_02D_01D_ERP.ERP
JGXOOPSULT_YYYYDDDHHOO_01D_01D_DSC.SUM
JGXOOPSULT_YYYYDDDHHOO_01D_O5M_ATT.0BX

Daily GPS, GLONASS and Galileo orbits and
clocks with 5 min intervals

Daily Earth rotation parameters

Analysis summary for each processing

Daily satellite attitude in OBX format
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3 Software and the Latest Changes

Satellite attitude information in ORBEX format (Loyer et al., 2019) has been provided
since 22" June 2025 for the final, rapid, and ultra-rapid products.

The JGX products are also available at the following URL after completing the registra-
tion:
https://jgxnet.gsi.go.jp/en/top/

3 Software and the Latest Changes

The JGX products are generated using our POD software, MADOCA, which has been
developed and continuously updated by JAXA since 2011. MADOCA supports multi-
GNSS constellations (GPS, GLONASS, Galileo, BDS, and QZSS) and incorporates force
and measurement models compliant with the IERS conventions 2010 (IERS , 2010) and
those applied in the IGS Repro3 campaign (IGS , 2019). The products are estimated both
in post-processing using iterative weighted least squares and in real-time processing using
extended Kalman filter (EKF) employing methods that reduce memory consumption and
processing time while improving processing stability. JAXA has introduced new features
to enhance performance, with recent efforts focusing on non-gravitational force modeling.
Details of the POD algorithm are provided in our paper (Kawate et al.; 2023).

The following changes have been implemented in version 2.2.1a, which are currently used
for the latest JGX products. This version corrects a bug in which the yaw-steering angles
for GPS Block IIR and IIR-M were erroneously inverted by 180 degrees. JGX GPS orbit
products incorporating this fix (since GPS week 2372) show improved consistency with
IGS combined products. Additionally, regarding the third item below, the first Block III
satellite of QZSS, J007 (QZS-6), began service in July 2025 (CAO |, 2025). As an Analysis
Center for the Multi-GNSS Pilot Project (MGPP), we are preparing to release products
for this satellite.

1. Addition of a zonal tide model to mitigate the effects arising from the interpolation
of UT1

Correction of the yaw-steering model for GPS Block IIR and ITR-M
Support for the new QZSS satellite block (Block IIT)
Inclusion of the prediction part of ERPs in the ERP files

ANl R o

Addition of constraint information to the SINEX files (to be activated when NNR+NNT
constraints are applied)

Furthermore, we are currently implementing and conducting quality assessments of our
phase bias products in both the observable-specific signal bias (OSB) and common clock
(CC) representation (Schaer et al., 2021). These products are planned for release in
2026.

109


https://jgxnet.gsi.go.jp/en/top/

GSI and JAXA Analysis Center

4 Operational Data Processing

The JGX operational final, rapid, and ultra-rapid products are currently generated using
MADOCA software version 2.2.1a. The candidate IGS stations used for processing in 2025
are shown in Figure 1. Considering the quality, latency and availability of the daily data
from IGS stations, we select approximately 150, 110, and 110 stations for the final, rapid,
and ultra-rapid products, respectively. Approximately 50 fiducial sites are chosen for each
daily solution to minimize inconsistencies between the Earth’s center of mass (CoM) and
the center of the network defined by the selected fiducial sites. The 1GS20/igs20.atx
reference frame is applied with no-net-rotation (NNR) minimum constraints, for the pro-
cessing.

LA A

0° 30°E 60°E 90°E 120°E 150°E 180° 150°W120°W90°W 60°W @ Sites used for JGX analysis
@ Candidates for fiducial sites

Figure 1: Station network for JGX processing in 2025.

The JGX final and rapid products for GPS, GLONASS, and Galileo have been routinely
submitted to the IGS since GPS week 2269. The final products (SP3, CLK, SNX, ERP,
SUM, OBX) are generated with a latency of five days and uploaded every Thursday. The
rapid products (SP3, CLK, ERP, SUM, OBX) are generated with a latency of one day
and uploaded on a daily basis. When unexpectedly large errors are detected in the final
product, corrective measures are taken as far as possible prior to upload. The processing
software was upgraded from version 2.2.0a to 2.2.1a at GPS week 2372. This newer version
includes a bug fix on correcting the yaw steering angle for GPS Block IIR and IIR-M, and
this update has improved the consistency between the JGX and IGS final products as
shown in Figure 2.

The JGX ultra-rapid products (SP3, ERP, SUM, OBX) for GPS, GLONASS, and Galileo
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have been routinely submitted to IGS since GPS week 2340. However, they have not yet
incorporated into the IGS combined products due to instability in satellite clock estima-

tion.

Figure 2 shows the 3D RMS of satellite orbit differences among IGS ACs for the final
products in 2025. No Helmert transformation has been applied. The quality of the JGX

orbits

is comparable to that of other ACs.
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Figure 2: 3D RMS errors of the final products in 2025 with respect to the IGS final (GPS,

GLONASS) and the ESA final products (Galileo). The red vertical dashed line (22
June) indicates the switch to the updated POD software version that includes the bug
fix for the GPS yaw steering model.

The pressing issues for the JGX operational products are as follows.

Product modification related to the center-of-network:

To meet the convention requirement for the clock center-of-network (CLK:CoN),
we plan to apply not only NNR constraints but also no-net-translation (NNT) con-
straints to our products. In addition, we plan to update our software to introduce
the conversion from the Earth’s CoM to the center of network (CoN) by applying the
center of mass correction (CMC) for ocean tide loading (OTL) directly to the orbit.
With the introduction of the NNR+NNT constraints, our preliminary PPP solu-
tions processed with these modified products clearly showed improved repeatability
in the temporal variation, which had been affected by the shift in the Earth’s CoM.
While the NNT constraint function has already been implemented in the current
MADOCA software (version 2.2.1a), the implementation to output the minimum
constraint information into SINEX file has not yet been completed. These changes
will be applied to JGX operational products once validation by the IGS reference
frame coordinator is completed.

Improvement of the ultra-rapid products:
The JGX ultra-rapid orbit products are not included in the IGS combination due to
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insufficient accuracy in the prediction part of the orbits, and further improvement
is required.

e Improvement of stability in the clock products:
The stability issue was improved after March 2024 as a result of applying the fol-
lowing measures: selecting stable clock-reference sites and performing quality checks
on reference clocks. In addition, we plan to introduce a more sophisticated itera-
tive data-quality-control and screening procedure for satellite clock estimation in the
future. We will continue to address operational issues as they arise.

5 Proposal for the IGS workshop 2028 in Japan

At the IGS governing board meeting in August 2025, it was decided that the JGX team
will host the 2028 IGS workshop in Tsukuba, Japan. The 2028 workshop will be the first
IGS workshop hold in Japan and will serve as an excellent opportunity to highlight the
technological evolution and increasing diversity of the IGS community. The workshop will
address key technical themes that are strongly connected to Japan, including multi-GNSS
constellations such as QZSS, as well as the contribution of GNSS to disaster risk reduction,
particularly in monitoring seismic deformations and crustal movements for geodetic ap-
plications. Furthermore, it will provide an opportunity for potential participants—such as
university students, young professionals—in Japan and neighboring Asia-Pacific countries
to engage with the IGS community.

The venue will be the Tsukuba International Congress Center (https://www.epochal.
or.jp/en/). The main hall designated for the symposium can accommodate the expected
number of IGS participants, with seating for up to 450 people. A dedicated space for the
poster session is located adjacent to the main hall and can host up to 100 posters. Addi-
tionally, to support a hybrid format for the symposium and workshop, multiple meeting
rooms will be available to facilitate concurrent sessions.

Figure 3: Main hall for symposium (left) and Large space for poster session (right).
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6 References

Important facilities related to geodesy and Japan’s space development - such as the Ishioka
Geodetic Observing Station and the Tsukuba Space Center—are located near the conference
venue. To make the workshop truly rewarding, the JGX team is planning to organize a
variety of special events. We hope you look forward to the 2028 IGS Workshop.

Figure 4: Ishioka geodetic observing station (left) and Tsukuba space center (right).
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1 Introduction

In 2025, the Jet Propulsion Laboratory (JPL) continued to serve as an Analysis Center
(AC) for the International GNSS Service (IGS). We contributed operational orbit and
clock solutions for the GPS satellites; position, clock and troposphere solutions for the
ground stations used to determine the satellite orbit and clock states; and estimates of
Earth rotation parameters (length-of-day, polar motion, and polar motion rates). This
report summarizes the activities at the JPL IGS AC in 2025.

Table | summarizes our contributions to the IGS Rapid and Final products. All of our
contributions are based upon daily solutions centered at noon and spanning 30 hours. Each
of our daily solutions is determined independently from neighboring solutions, namely
without applying any constraints between solutions. Before 2024-08-25, we produced

Table 1: JPL AC Contributions to IGS Rapid and Final Products.
(Galileo products available from 2024-08-25 onwards)

Product Description Rapid/Final
JPLOOPSFIN_YYYYJJJHHMM 01D 05M_ORB.SP3 GPS (+Galileo) orbits and clocks Rapid & Final
JPLOOPSFIN_YYYYJJJHHMM_01D_30S_CLK.CLK GPS (+Galileo) satellite and station clocks Rapid & Final
JPLOOPSFIN_YYYYJJJHHMM_01D_30S_TRO.TRO Tropospheric estimates Rapid & Final
JPLOOPSFIN_YYYYJJJHHMM_01D_01D_ERP.ERP Earth rotation parameters Rapid & Final
JPLOOPSFIN_YYYYJJJHHMM_01D_30S_ATT.OBX Satellite attitude quaternions Rapid & Final
JPLOOPSFIN_YYYYJJJHHMM_01D_01D_SOL.SNX Daily SINEX file Final
JPLOOPSFIN YYYYJJJHHMM 01W _00U_ SUM.SUM Weekly solution summary Final
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GPS-only Rapid and Final orbit and clock products and since that date we have produced
GPS+Galileo Rapid and Final orbit and clock products. Note that both high-rate (30-
second) Final and Rapid clock products are created.

The JPL IGS AC also generates Ultra-Rapid orbit and clock products for the GPS con-
stellation. These products are generated with a latency of less than 2.5 hours and are
updated hourly (Bertiger et al., 2020). Although not submitted to the IGS, our Ultra-
Rapid products are available in native GipsyX formats at:

e https://sideshow. jpl.nasa.gov/pub/JPL_GNSS_Products/Ultra

2 Processing Software and Standards

On 29 Jan 2017 (start of GPS week 1934) we switched from using GIPSY (version 6.4)
to GipsyX ((Bertiger et al.; 2020)) to create all our orbit and clock products. As of week
2329 (2024-08-24), all IGS Finals were submitted in the IGS20 frame, and furthermore
a reprocessing in the IGS20 frame has also been released back through week:day 729:6
(1994-01-01).

The frame for Rapids and Finals was updated updated to IGb20 during week 2352 (2025-
02-02).

Our IGS20 Rapid operations and our ongoing Final IGS20 reprocessing campaign continue
to use several new models vs IGS14 processing, some from repro3 and some from our own
choices:

1. Use of center of mass seasonals for reference site positions.
2. Data weighting based on optimization testing.

3. Troposphere randomwalk parameter optimized based on external (Young et al., 2022)
and internal research.

4. VMF1 (Boehm et al., 2006) troposphere models and mapping functions instead of
GPT2 for better station positioning (Martens and Simons, 2023).

. Sub-daily EOP model (Desai and Sibois, 2016).

. Time varying-gravity model.

5

6

7. Antenna thrust models per IGS recommendations.

8. Modern ocean tide loading, using GOT4.8 (Ray, 2013).
9

. IGS20 antenna calibrations.

We continue to use empirical GPS solar radiation pressure models developed at JPL
instead of the DYB-based strategies that are commonly used by other IGS analysis centers.
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4 Recent Activities

This choice is based upon an extensive evaluation of various internal and external metrics
after testing both approaches with the GIPSY /OASIS software (Sibthorpe et al., 2011).

3 GipsyX Overview

GipsyX has been the sole operational software at the JPL IGS Analysis center, replacing
GIPSY-OASIS since January 2017.

GipsyX has the following features:

1. GipsyX is the C++/Python3 replacement for both GIPSY and Real-Time GIPSY
(RTG).

2. Driven by need to support both post-processing and real-time processing of multiple
GNSS constellations.

3. Can already process data from GPS, GLONASS, Beidou, and Galileo.

4. Supports simultaneous GNSS, SLR, DORIS, and VLBI data processing at the mea-
surement level.

5. Multi-processor and multi-threaded capability.
6. Versatile PPP tool (gd2e).

7. Runs under Linux, Mac OS, post-processing, real-time environments, and embedded
flight hardware.

8. GipsyX-1.0 released 2019-01-28.
9. Most recent release was GipsyX-2.5 on 2025-12-29.
10. Available for license, free to academia.
(see https://gipsy-oasis. jpl.nasa.gov/index.php?page=software for more details)
Further details can be be found in the GipsyX/RTGx paper (Bertiger et al., 2020).

In parallel with the GipsyX development we continued development of Python3 opera-
tional software that uses GipsyX to generate the rapid and final products that we deliver
to the IGS as well as generating our ultra-rapid products that are available on our https
site.

4 Recent Activities

e Released a reprocessing campaign in 1GS20 from 2002-2024 (Peidou et al. (2023),
Ries et al. (2024)) that will go back to 1992 (to be released in 2025).
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Contributed to research into creating an experimental reference frame using com-
bined SLR and GNSS data at the observation level tied together using spacecraft
with both GNSS receivers and SLR reflectors which showed good agreement with
ITRF2020 (Haines et al., 2024). VLBI was also incorporated using traditional site
survey-derived ties.

Added Doppler Orbitography by Radiopositioning Integrated on Satellite (DORIS)
to the experimental reference frame solution (Peidou et al., 2025).

On 2024-08-25 switched to creating high-rate (30s) GPS+Galileo orbit and clock
products in IGS format and delivering these products to IGS data centers.

Increased ground network used to create Rapid and Final products from 80 stations
to 120 stations.

Gave a GipsyX class at University of Beira Interior, Covilha, Portugal, Sept 4-6,
2024.

Continued Multi-GNSS and multi-technique development. Efforts included substan-
tial code refinement, all based around our GipsyX software.

5 Future Work

e Continue Multi-GNSS and multi-technique development and operational support

incorporating lesson learned from reference frame at the observational level work
(Haines et al., 2024).

e Add Beidou MEO to rapid and final products.

e Update empirical solar pressure modes for newer spacecraft (esp. Block IIT GPS).

6 Acknowledgments

The work described in this report was performed at the Jet Propulsion Laboratory, Cali-
fornia Institute of Technology under a contract with the National Aeronautics and Space
Administration (80NM0018D0004).

(©)2025 California Institute of Technology. Government sponsorship acknowledged.

References

Bertiger, W., Y. Bar-Sever, A. Dorsey, B. Haines, N. Harvey, D. Hemberger, M. Heflin, W.
Lu, M. Miller, A. W. Moore, D. Murphy, P. Ries, L. Romans, A. Sibois, A. Sibthorpe,

118



References

B. Szilagyi, M. Vallisneri, P. Willis (2020), GipsyX/RTGx, a new tool set for space
geodetic operations and research, Advances in Space Research,Volume 66, Issue 3,469-
489,d0i:10.1016 /j.asr.2020.04.015

Boehm, J., B. Werl, and H. Schuh (2006), Troposphere mapping functions for
GPS and very long baseline interferometry from European Centre for Medium-
Range Weather Forecasts operational analysis data, J. Geophys. Res., 111, B02406,
doi:10.1029/2005JB003629.

Desai, S. D., and A. E. Sibois (2016), Evaluating predicted diurnal and semidiurnal tidal
variations in polar motion with GPS-based observations, J. Geophys. Res. Solid Earth,
121, 5237-5256, doi:10.1002/2016JB013125.

Garcia Fernandez, M., S. D. Desai, M. D. Butala, and A. Komjathy (2013), Evaluation of
different approaches to modeling the second-order ionosphere delay on GPS measure-
ments, J. Geophys. Res., 118 (12), 7864-7873, d0i:10.1002/2013JA019356.

Haines B., W. Bertiger, S. Desai, M. Ellmer, M. Heflin, D. Kuang, G. Lanyi, C. Naudet,
A. Peidou, P. Ries, A. Sibois, X. Wu (2024), A Global Combination of Geodetic Tech-
niques at the Observation Level: New Perspectives on the Terrestrial Reference Frame
J. Geophys. Res. Solid Earth, 129, doi.org/10.1029,/2024JB029527

Lagler, K., M. Schindelegger, J. Bohm, H. Krasna, and T. Nilsson (2013), GPT2: Empir-
ical slant delay model for radio space geodetic techniques, Geophys. Res. Lett., 40 (6),
1069-1073, doi:10.1002/grl.50288.

Lyard, F., F. Lefevre, T. Letellier, and O. Francis, Modeling the global ocean tides:
Insights from FES2004 (2006), Ocean Dyn., (56), 394-415, doi:10.1007 /s10236-006-0086-

X.

H R Martens, M Simons, A comparison of predicted and observed ocean tidal loading in
Alaska, Geophysical Journal International, Volume 223, Issue 1, October 2020, Pages
454-470, https://doi.org/10.1093/gji/ggaa323

Peidou A, Komanduru A, Ries PA, Bertiger W, Heflin MB, Hemberger D, Moore A,
Murphy DW, Sibthorpe A. JPL’s IGS20 reprocessing campaign. AGU23. 2023 Dec 13.

Peidou, A., Haines, B., Bertiger, W., Conrad, A., Desai, S., Murphy, D., Naudet, C., and
Ries, P.: Geodetic Technique Combinations at the Observation Level: Advancements in

Terrestrial Reference Frame Recovery, EGU General Assembly 2025, Vienna, Austria, 27
Apr-2 May 2025, EGU25-11071, https://doi.org/10.5194 /egusphere-egu25-11071, 2025.

Ray, R. D., Precise comparisons of bottom-pressure and altimetric ocean tides (2013), J.
Geophys. Res., 118, 4570-4584, doi:10.1002/jgrc.20336.

Ries, P., W. Bertiger, M. Heflin, D. Hemberger, A. Komanduru. D. Murphy, and A Peidou,
Exploring different ITRF2020 seasonals for a reprocessing campaign. 2022 Fall AGU
meeting, Chigago Il, December 12-16.

119



JPL Analysis Center

Ries, P., A. Komanduru, A. Peidou,M. Heflin,D. Hemberger,A. Sibthorpe, D. Murphy,
Results from the JPL IGS Analysis Center IGS20 Reprocessing Campaign, 2024 Fall
AGU meeting, Washington DC, December 9-13.

Sibois, A., C. Selle, S. Desai, A. Sibthorpe, and J. Weiss (2014), An update empirical
model for solar radiation pressure forces acting on GPS satellites, 2014 IGS Workshop,
Pasadena, CA, June 23-27.

Sibthorpe, A., W. Bertiger, S. D. Desai, B. Haines, N. Harvey, and J. P. Weiss (2011), An
evaluation of solar radiation pressure strategies for the GPS constellations, J. Geodesy,
85 (8), 505-517, doi:10.1007/s00190-011-0450-6.

Young, Z., Blewitt, G., and Kreemer, C. (2022) Application of Variable Random Walk
Process Noise to Improve GPS Tropospheric Path Delay Estimation and Positioning at
Local and Global Scales. AGU Fall Meeting 2022. G13A-01.

120



MIT Analysis Center
Technical Report 2025

T. Herring?

1 Massachusetts Institute of Technology, Cambridge, MA, USA
Room 54-322, 77 Massachusetts Av, Cambridge MA 02816 USA
E-mail: tah@mit.edu
Phone: +1 617 253 5941

1 Introduction

In this report, we discuss the results generated by the MIT Analysis Center (AC) for
submissions of weekly final IGS solutions, as well as our weekly combination of SINEX
files from MIT and the other eight IGS analysis centers that submit final SINEX files.
We present an analysis of the networks we process and a comparison between our position
estimates and those from other IGS analysis centers. For repro3 and our IGS20 submis-
sions, we use combined GPS and Galileo solutions and examine the differences between
GPS-only and Galileo-only solutions.

2 Overview of MIT Processing

The MIT analysis for IGS final orbits, clocks, and terrestrial reference frame uses the
GAMIT/GLOBK software versions 10.71 and 5.34 (Herring et al. (2019)). The processing
methods remain unchanged from those discussed in the 2022 MIT Analysis Center report
(see Dach and Brockmann (2023)).

In addition to weekly final processing, we also generate combined SINEX processing from
the combination of up to ten IGS ACs contributing to the IGS finals. We do this in
our role as an associate analysis center (AAC). In Tables | and 2, we list the products
submitted by MIT in our AC and AAC roles. Our operational processing continues to
use a combined GPS+Galileo solution, with 5-minute tabular points in the SP3 orbit files
to accommodate the high-eccentricity Galileo satellites. The 24:00 epoch has also been
added to our orbit can clock files.
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The network of stations processed by MIT in 2025 is shown in Figure 1. The figure shows
the weighted root-mean-square (WRMS) scatter of the horizontal coordinates of nearly all
of the stations included in the MIT finals processing. Stations that were used less than 10
times (14 stations in total) are not included in the plot. Only linear trends were removed
from the time series. The median WRMS scatters of the 434 sites, measured more than
five times, included in the statistics are 1.54, 1.51 mm in North and East and 5.46 mm
in height. No annual signals were removed, nor are scale parameters estimated in the
reference frame realization. The station selection criteria remain the same as previous
years, except starting week 2360 (2025/03/30), we only include in the Galileo solutions
those stations with antennas that have L5 phase calibrations.

The sites with high RMS in Figure | show anomalies for a variety of reasons. Table
describes what is known about the reasons for the high RMS of each site. Many of the
sites with high RMS are IGS sites, but some sites are included in our analyzes to provide
geographic coverage.

Table 1: MIT products submitted for weekly finals analysis

Long File Name Description
MITOOPSFIN_YYYYDDS0000_07D_01D_SUM.SUM Summary file
MITOOPSFIN_YYYYDDSO000_07D_O1D_ERP.ERP Earth rotation parameters for 7 days
MITOOPSFIN_YYYYDDS0000_01D_O5M_ORB.SP3 Day 0 satellite orbits
MITOOPSFIN_YYYYDDEOOOO_O1D_O5M_ORB.SP3 Day 6 satellite orbits
MITOOPSFIN_YYYYDDS0000_01D_O5M_CLK.CLK Day 0 satellite clocks
MITOOPSFIN_YYYYDDEOOOO_O01D_O5M_CLK.CLK Day 6 satellite clocks
MITOOPSFIN_YYYYDDS0000_01D_01D_SOL.SNX Day 0 coordinate and EOP SINEX file
MITOOPSFIN_YYYYDDEOOOO_01D_01D_SOL.SNX Day 6 coordinate and EOP SINEX file

Table 2: MIT products submitted for daily combinations of IGS final AC SINEX files

Long file name Description

MITOOPSSNX_YYYYDDDOOOO_01D_01D_SUM.SUM Summary file

MITOOPSSNX_YYYYDDDOOOO_01D_01D_SOL.SNX Combined SINEX file from all available
analysis centers

MITOOPSSNX_YYYYDDDOOOO_01D_O1D_RES.SUM File of the individual AC position esti-
mates residuals to the combined solu-
tion for the week

3 Position repeatability and comparison to other ACs

We can also compare the MIT daily position estimates with those of other analysis centers
based on the AAC combinations performed at MIT. In Figure 2 we show the WRMS scatter
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Figure 1: Log (base 10) of the WRMS scatter of the horizontal position estimates from the
network of 442 stations. A total of 421 sites were processed by MIT in 2025, with
42 sites being used less than 5 times. Each daily network has 350 stations, and the
networks evolve with time depending on data availability and geometry. Of the 440
stations, 223 have Galileo data with fully calibrated antennas.

Fits to 1GS20
I

E RMS (mm)
&)

n
=]

3

U RMS (mm)
>

o

2350 2355 2360 2365 2370 2375 2380 2385 2390 2395 2400
GPS Week

Figure 2: WRMS scatters of the fits of different IGS ACs to the IGS20 system using typically
45-50 stations. Note the scales here are twice those used in Figure 3
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Figure 3: WRMS scatters of the fits of the different IGS ACs to the MITOOPSSNX combined
solution for 2025. The larger excursions were mostly due to non-detected outliers.

between the AC solutions and the IGS20 reference frame coordinates (IGb20 realization).
While the AC results look similar, there are differences in the mean of the RMS differences.
In Figure 3, we show the WRMS scatter of the daily fits to 50 IGS20 reference frame sites
from each of the IGS ACs from the combined SINEX solution with the weights assigned
to each AC consistent with the fit of the AC to the combination of the other ACs. There
is good consistency between the ACs. A summary of the metrics for each AC is given in
Table 4. This table gives the mean WRMS differences for each AC with respect to 1GS20
coordinates and the combination solution coordinates. This table shows that, on average,
the MIT solution provides a very good match to the combined solution with millimeter
horizontal WRMS and 3.39 mm WRMS in height. We also compute the chi-squared per
degree of the fits, and all ACs have similar chi-squared values, indicating that no one center
dominates the combination. Reweighting factors are computed for each center as part of
the combination process and so the balance of the chi-squared values in not surprising.

4 Comparison between GPS-only, Galileo-only, and combined
solutions

The MIT contribution to the final IGS20 orbit and reference frame products is a combi-
nation of the GPS and Galileo solutions. We also process each system separately so that
we can compare the mean differences between the solutions and the RMS differences of
the time series of each system and the combination after removing linear trends. The
network of sites used for Galileo processing is formed from the 350 sites used daily for the
GPS network and includes all sites with fully calibrated antennas that have Galileo data.
Generally, there are about 222 sites in the Galileo network. Of these sites, 211 sites were
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4 Comparison between GPS-only, Galileo-only, and combined solutions

Table 3: Explanations of high RMS sites

Site Type Explanation

CN11 NEU Monument badly damaged during hurricane on 2025-10-29.

BSMK NEU Site in building that appears to be disturbed on 2025-06-17; data
flow stops shortly afterwards.

URUM NEU IGS site with large annual signal in height, with outliers most likely
due to snow.

TONG NEU IGS Tonga site with systematic noise and outliers in East seen by all
ACs.

CMUM NEU IGS site in Thailand with systematic quasi-seasonal noise.

GAMG N IGS site in Korea with North offset of —19 mm on 2025-11-17, with
no earthquake or metadata change in log.

CPVG NE IGS site in Cape Verde; non-secular motions possibly due to volcanic
activity.

CZTG NE IGS site in French Southern and Antarctic Lands; very noisy, possibly
due to atmospheric effects.

FLRS E IGS site on Ilha das Flores; highly skewed position residuals mostly
in Fast.

SCH2 NEU Northern Canadian IGS site affected by snow.

HYDE NEU Indian IGS site showing a large number of excursions persisting for
multiple days; reasons are not obvious.

HORN U New Zealand site with an increasing number of outliers.

FLIN U Canadian IGS site with strong evidence for persistent snow effects.

INVK U Canadian IGS site affected by snow, similar to FLIN.

BOAV U Brazilian IGS site strongly affected by hydrologic loads, mostly in U
but also N.

POVE U Brazilian IGS site affected by hydrology similar to BOAV.

used 10 or more times. There are about 40 other stations that track Galileo data but use
antennas with only L1 and L2 phase calibrations.

Table 5 presents the median and 95% quantile WRMS scatter of position residuals in
North, East, and Up after removing linear trends only for data collected in 2025 for sites
common to all three solution types. It shows that Galileo-only solutions have higher
WRMS scatter than GPS-only solutions, while the combined GPS and Galileo solution
has the lowest WRMS scatter across all components for both the median and 95% quan-
tile levels. When differences between GPS-only and Galileo-only solutions are analyzed,
some sites show systematic mean differences, which affect the realization of the terrestrial
reference frame as the IGS shifts from GPS to multi-GNSS solutions.

The differences between the L1/L2 and L1/L5 GPS and Galileo solutions with fully cal-
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Table 4: Comparison of the fits to the IGS20 reference frame (RF) and daily combined solutions
for RF sites in the MIT and other AC daily final SINEX files. Typically, 50 sites are
used in the comparison to 1GS20.

1GS20 Combined
Center N (mm) E (mm) U (mm) N (mm) E (mm) U (mm)
MIT 2.71 2.74 6.42 0.90 0.90 3.29
COD 2.44 2.81 6.85 1.34 1.24 3.83
EMR 2.35 2.87 7.14 1.04 1.07 4.04
ESA 2.54 2.61 7.16 0.91 0.83 3.55
GFZ 2.60 2.79 7.02 0.91 1.02 3.70
GRG 2.58 2.64 6.22 1.02 0.81 2.98
JPL 2.44 2.54 6.60 0.72 0.70 3.25
NGS 2.68 2.92 7.60 1.39 1.72 4.61
SIO 2.99 3.14 7.88 1.57 1.74 5.12
JGX 2.15 2.03 7.02 1.40 0.99 3.85

ibrated antennas indicate that the phase center model to be used at individual sites is
likely to depend critically on the in-situ environment in which the antenna is installed.
The height differences for the 211 sites are shown in Figure 4 have a median difference of
0.3 mm, but the median WRMS scatter of these differences, 2.21 mm, is far greater than
the typical standard deviation of the mean differences of 0.28 mm (although the latter,
computed assuming white noise, is too small). Plots of the differences show that, for many
sites, there are clear mean differences in height and horizontal coordinates. One specific
case which seems to clearly show the impact of the environment of the antenna is for an
antenna change at the IGS site JOG200IDN on 2023/10/23. On this day a fully calibrated
JAV _RINGANT G3T antenna was replaced with a SEPCHOKE B3E6 antenna. Both
antennas have K05 calibrations, and no radomes were installed. IGS photos of the site
show a pillar mounted on a rooftop. The sloped roofs of other buildings are visible in the
photos, but there is no nearby vegetation. Offsets in position are common when antennas
are changed, but in this case, the position changes differ significantly between the GPS
and Galileo solutions. The North-East differences (based on 30 days of data before and
after the change) are 0.37+1.01 and 19.52+1.29 mm for GPS and 10.77+1.44 mm and 8.55
+1.31 mm for Galileo, clearly showing a very different response to the antenna change.
Other IGS analysis centers process this site as well, with those ACs submitting GPS-only
solutions matching our GPS estimates (SIO NE 0.28+1.26, 17.414+1.50 mm), while ACs
submitting multi-GNSS solutions vary. GFZ shows offsets similar to our combined so-
lution offset (NE 9.5940.70, 8.53+1.13 mm, the MITS combined solution submitted to
the IGS shows offsets of NE 8.724+0.96, 11.17+1.09 mm), while CODE shows a result
closer to GPS (NE 0.04+1.22. 18.444+1.12 mm). This latter result may be due to the
relative weights assigned to Glonass, Galileo, and GPS in the CODE solution. There
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4 Comparison between GPS-only, Galileo-only, and combined solutions

Table 5: Median and 95% quantile WRMS scatters of the NEU position estimates from the 211
sites used more than nine times that are common to the GPS, Galileo, and combined
solutions in 2025. All units are mm.

Median 95% quantile
Solution N WRMS E WRMS U WRMS N WRMS E WRMS U WRMS
GPS 1.67 1.63 5.68 2.67 2.94 9.19
Galileo 1.94 1.87 6.43 3.01 3.17 10.69
Combined 1.52 1.45 5.48 2.56 2.72 8.78

are other recent antenna changes that we are examining, but none of these generate the
large horizontal coordinate difference seen at JOG200IDN. We are also starting analysis
of short baseline data between close sites that track multi-GNSS signals and that have
fully calibrated antennas.

dHeight (mm)

Figure 4: Differences between GPS-only and Galileo height estimates for sites that use fully
calibrated antennas. For sites with high-quality data, the differences range from
-9.964+0.21 (MARSOOFRA) to +9.56+0.23 (DARWOO0AUS). There are large hori-
zontal position differences as well. For North differences, the range is -2.61+0.08
(SGOCOOLKA) to 4.21+0.06 (GRASO0FRA), and for East differences, the range is
-7.644+0.11 (URUMOOCHN ) to 5.31+0.11 (CMUMOOTHA).
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1 Introduction

In 2025, The National Geodetic Survey (NGS) continued to serve dual roles in the geodetic
community as an analysis center and a regional data center for the International GNSS
Service (IGS). This report summarizes the routine analysis and data center activities
conducted at NGS; the products provided by NGS and their locations; plus the significant
changes that occurred since the last contribution to the 2024 IGS Report.

2 Core Analysis Center Products

The NGS analysis center currently focuses on modeling the Global Positioning System
(GPS) satellite orbits and providing the derived products presented in Table 1. We con-
tinue to use long file names accordingly, matching IGS standards. Solutions provided in
2025 were primarily aligned with the ITRF2020/IGS20 frame (initial date Nov 18, 2022).
Starting GPS Week 2394 (Nov 23rd, 2025) we updated our provided solutions to the
ITRF2020-u2023/1Gb20 frame. These incremental updates are not new to IGS developed
frames (i.e ITRF2014-u2020/1Gb14), but the frequency has increased to streamline in-
corporating data from new IGS network sites. In 2026 to keep pace with fellow Analysis
Centers we plan to update our solutions again to the ITRF2020-u2024/1Gc20 frame up-
date including 11 newly added IGS reference frame stations.

We have also updated our Final submission products to include the midnight epoch value,
at the end of the arc, starting with our GPS week 2334 submission. The second midnight
epoch value will also be added to our daily Rapid submissions in the near future. With
these changes, we continue to provide rapid products on a daily basis and include a
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Table 1: Products provided by the NGS Analysis Center. DATE is in YYYYDDD format (ex.
2025230) for our currently provided products. This is an update from the GPS week-day
format (wwwwd) used for older solutions on CDDIS before GPS Week 2237.

Current Products

NGSOOPSRAP_ {DATE}0000 01D 15M ORB.SP3 Rapid GPS orbit solution
NGSOOPSRAP {DATE}0000 01D 01D ERP.ERP Rapid Earth Rotation

Parameters
NGSOOPSRAP {DATE}0000 01D 01D SUM.SUM Rapid GPS combination
summary
NGSOOPSFIN {DATE}0000 01D 15M ORB.SP3 Final GPS orbit
solution
NGSOOPSFIN {DATE}0000 01D 01D SOL.SNX Final PAGES position
solution
NGSOOPSFIN {DATE}0000 07D 01D ERP.ERP Final Earth Rotation
Parameters
NGSOOPSFIN {DATE}0000 07D 07D _ SUM.SUM Final GPS combination
summary
Pre-Wk 2237 Products
ngswwwwd.sp3 GPS only orbit solution
ngswwwwd.snx PAGES position solution
NgSWWWW7.erp Earth Rotation Parameters

daily ERP file. We are still working internally on the implementation of ultra-rapid
products for the IGU combinations. New software under development at NGS should
include the additional capabilities necessary to create this additional product. Combina-
tion statistics for NGS submissions can be found at the IGS Analysis Coordinator website
(http://acc.igs.org). We are also in the process of developing the capacity to provide Final
and Rapid products for GLONASS and GALILEO constellations.

3 Analysis Center Processing Software and Strategies

The NGS Analysis Center uses an in-house software package, Program for the Adjustment
of GPS Ephemerides (PAGES), to estimate station positions, orbits, and EOPs from
double-differenced GPS phase observables. NGS computes solutions from small regional
clusters of stations through Delaunay triangulation. The last step combines the regions, at
the normal equation level, into a global solution using the software package GPSCOM with
no-net-rotation constraints. For details about the models and strategies used, please refer
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3 Analysis Center Processing Software and Strategies

to the IGS contributions to ITRF2020 and Altamimi et al. (2023). Important distinctions
in the models and strategies to the processing software include:

e High-frequency pole model from Desai and Sibbois (2016).
e Gravity model used is the global Earth GRACE Gravity Model 05 (GGMO05). Ries

et al. (2016)

e Solar radiation pressure model in use is ECOM2 for GPS satellites except Block IIF
which uses ECOM1.

e Ocean loading model in use is FES2014.

e Interconnection of the Inertial and Terrestrial reference frame using the initial IAU
1976 Precession and 1980 Nutation Theory.

Table 2: Sites contributed to the IGS network during 2025.

Site Location Lat. Long. Receiver Type System

(1)

ASPAOOUSA  Pago Pago, -14.33 -170.72 SEPT- GPS+GLO+
American POLARX5 GAL
Samoa

BARHOOUSA  Bar Harbor, 44.39 -68.22 LEICA GR30 GPS+GLO
ME, USA

@)

GUUGOOUSA Mangilao, 13.433 144.80 TRIMBLE- GPS+GLO+
Guam, USA ALLOY GAL

HNPTOOUSA  Cambridge, 38.59 -76.13 LEICA GR50 GPS+GLO+
MD, USA GAL

WES200USA  Westford, 42.61 -71.49 TRIMBLE- GPS+GLO-+
MA, USA ALLOY GAL

(3)

BRFTO00BRA Eusebio, Brazil -3.88  -38.43 SEPT- GPS+GLO+

POLARX5 GAL

EPRT00USA  Eastport, 4491 -66.99 LEICA GR50 GPS+GLO+

ME, USA GAL
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Table 3: Site Data facilitated by NGS during 2025

Site Location Lat. Long. Receiver Type System
BJCOOOBEN  Cotonou, Benin 6.38 245 TRIMBLE GPS+GLO
NETR5
GUATO00GTM  Guatemala City, 14.59 -90.52 LEICA GPS+GLO
Guatemala GRX1200GGPRO

4 Regional Data Center Core Products

During 2025, NGS contributed data from the sites listed in Table 2 to the IGS Network.
The sites are broken down into three tiers. Tier one sites are currently active and stable
enough to be used in the development of the modern IGS20/IGb20 and previous frames.
Tier two are active, but were left out of the IGS20/IGb20 defining sites. Tier three sites
are inactive, but do have historical IGS data available. NGS also facilitated data flow for
the sites given in Table 3 as a Regional Data Center. Please refer to the IGS Network
website network.igs.org for site logs, photos, and data statistics for the sites serviced and
facilitated by NGS.
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1 Introduction

This report provides an overview of the major activities conducted at the NRCan Anal-
ysis Center (NRCan-AC) and product changes during the year 2025 (products labelled
‘EMR™*). Furthermore, it includes an outline of the changes to the stations and ser-
vices managed by NRCan. Finally, NRCan’s activities are presented with reference to
the goals and objectives defined in the IGS Strategic Plan 2021+. Readers are referred
to the Analysis Center Coordinator (ACC) web site at http://acc.igs.org for histori-
cal combination statistics of the NRCan-AC products. The NRCan-AC is located at the
Canadian Geodetic Survey (CGS).

2 NRCan Core Products

From the beginning of 2025 until GPS week 2361 (April 6th), the Final GPS products
were generated using a hybrid Gipsy-X setup combining v1.3 and v2 together with in-house
developments (gPOD) (Nikolaidou et al., 2024). Since then, processing has transitioned
fully to Gipsy-X v2 and is running on upgraded workstations/VMs. Starting with GPS
week 2365 (May 4th), the in-house software SPARKNet has been adopted for clock and
bias estimation and attitude computation. While Gipsy-X provides a robust and high-
quality processing framework, the use of SPARKNet allowed a more tailored tuning of the
estimation strategy for the clocks, leading to further performance gains. As an example,
a reduction in satellite clock standard deviations was observed (Fig. 1). Gipsy-X/gPOD
is continued to be used for the orbits, ERPs and SINEX products. The GNSS Rapid and
Ultra-Rapid products continued to be generated using the Bernese software version 5.2
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(Dach et al., 2015). 1GS20/Repro3 standards have been implemented for all products. The
products available from the NRCan-AC are summarized in Table 2. The Rapid products
are available from the following anonymous ftp sites:

ftp://cacsa.nrcan.gc.ca/gps/products
ftp://cacsb.nrcan.gc.ca/gps/products
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Figure 1: Standard deviations of the IGS final clock combination. The red ellipse signifies the
EMR clock improvements resulting from the use of the in-house SPARKNet software.

3 lonosphere and DCB monitoring

NRCan’s global ionosphere Total Electron Content (TEC) maps continued to be pro-
duced at 1-hour intervals (EMROOPSFIN_ [yyyy] [ddd]0000_01D_01H_GIM.INX.gz) and in-
clude GPS and GLONASS differential code biases (DCBs). They are available at CDDIS
with a latency of less than 2 days. Apart from near-real-time maps that are being gen-
erated internally using Real-Time IGS stations, a daily 3-constellation (GPS, GLONASS,
and Galileo) global TEC mapping and DCB estimation process continued to run internally
and contributes to NRCan bias products. Station and satellite specific GLONASS DCB
estimation using about 250 IGS stations collecting GLONASS measurements continued to
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5 Operational NRCan stations

be monitored. Ionospheric irregularities as sensed by 1Hz GPS, GLONASS and Galileo
phase rate measurements continued to be monitored in near-real-time from Real-Time
IGS stations in a development platform to enhance studies on ionospheric irregularities.
NRCan continues to contribute to joint collaborations on ionospheric studies within IGS
(Krankowski et al., 2025) .

4 Real-time correction service

NRCan continues to generate and disseminate precise real-time correction streams to the
IGS based on a Decoupled Clock Model (Collins et al.; 2010) implementation. The service
provides GPS real-time satellite orbits and clocks from network of about 90-120 real-time
stations. The resulting SSR products include orbit corrections (RTCM 1060 at 5 s and
1057 at 60 s), clock corrections (RTCM 1060 at 5 s), and code bias corrections (RTCM
1059 at 5 s) for GPS signals C1C, C1W, C2W, and C2C, together with support for
other wide set of RTCM messages (1019, 1057, 1058, 1059, 1060, 1061, 1062, 1264, 1265).
During 2025, NRCan improved the stability and reliability of its IGS real-time mountpoint
by troubleshooting and reconfiguring the real-time infrastructure and updating NTRIP
casters resulting in a dedicated and more resilient IGS stream. Also, the IGS stream was
migrated to the new in-house real-time rtCGS software platform, which removes previous
internal architectural barriers and supports near future extension of NRCan’s AR clock and
orbit products to multi-GNSS. New rtCGS software facilitates future enhancements in line
with IGS real-time combination requirements. In addition, in the coming months, NRCan
adopts center-of-mass (CM) antenna phase center modeling for its dedicated IGS real-time
stream, replacing the current L3 ionosphere-free convention, to ensure full compliance of
its clocks and orbits with IGS standards and to enable better inclusion in the IGS real-
time combination. NRCan also runs internal testbed to study performance of Galileo High
Accuracy Service compared to other real-time correction streams over Canada (Ghoddousi-
Fard, 2024, 2025) .

5 Operational NRCan stations

In addition to routinely generating all core IGS products, NRCan also provides public
access to GNSS data for more than 100 Canadian stations. This includes 39 stations
currently contributing to the IGS network through the CGS’s Canadian Active Con-
trol System (CGS-CACS), the CGS’s Regional Active Control System (CGS-RACS), and
the Canadian Hazards Information Service’s Western Canada Deformation Array (CHIS-
WCDA). In addition to the 39 stations NRCan contributes to the IGS network, a further
30 GNSS stations are submitted to IGS data centers. Over the past three years, CGS
has expanded their national network of GNSS stations. An additional 14 GNSS stations
were made publicly available in 2025. Figure 2 shows a map of NRCan’s publicly available
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GNSS network as of January 2026 and Table | contains a list of new CGS-CACS stations.
Further details about NRCan stations and access to NRCan public GNSS data and site
logs can be found at:

https://webapp.csrs-scrs.nrcan-rncan.gc.ca/geod/data-donnees/cacs-
scca.php

or from the following anonymous ftp sites:

ftp://cacsa.nrcan.gc.ca/gps
ftp://cacsb.nrcan.gc.ca/gps

Table 1: NRCan-CGS New CACS Stations in 2025.

Station Installation Location

Date
AUGOO0CAN  2023-07-02  Athabasca, Alberta
CALVOOCAN  2022-09-25 Calvert Island, British Columbia
CPABOOCAN  2022-07-03 Channel Port-aux-Basques, Newfoundland
IQLKOOCAN 2023-06-10  Igaluktuuttiaq, Nunaut
KAKAOOCAN  2023-10-26 Kakabeka Falls, Ontario
KENOOOCAN  2024-05-28 Keno City, Yukon
KLATO0OCAN  2024-09-18 L’Anse aux Meadows, Newfoundland
PARQOOCAN  2024-07-05 Parent, Québec
PMNROOCAN  2024-10-19  Port-Menier, Québec
POWROOCAN  2023-07-30 Powell River, British Columbia
RIGOO0OCAN  2024-06-26  Rigolet, Labrador
SSMROOCAN  2023-05-03  Sault-Ste.-Marie, Ontario
WOLLOOCAN  2024-10-22 Wollaston Lake, Saskatchewan
WRITO00CAN  2024-02-25 Writing-on-Stone, Alberta

6 NRCan Contribution to the IGS Strategic Plan 2021+

NRCan (then part of Energy, Mines and Resources, EMR) has been a contributor to the
IGS since the 1992 IGS pilot phase and provided initial Analysis Centre coordination. NR-
Can’s activities directly support the goals and objectives of the IGS Strategic Plan 2021+
through sustained delivery of high-quality GNSS products, methodological development,
and long-term infrastructure stability.

Contribution to Goal 1: Achieve Multi-GNSS Technical Excellence

NRCan contributes to the IGS objective of multi-GNSS technical excellence through the
routine generation of precise GNSS analysis products in compliance with IGS standards
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Figure 2: NRCan Public GNSS Stations (CGS-CACS, CGS-RACS, CHIS-WCDA). Stations in-
stalled in 2025 are shown in green.

and performance requirements. In 2025, NRCan transitioned to exclusively use RINEX3
data for the generation of its products and expanded its Gipsy-X/gPOD capabilities to
multi-GNSS including Galileo and GLONASS in testing mode, while maintaining its op-
erational GPS Final and GPS+GLONASS Rapid and Ultra-Rapid products.

In 2025, migrating the IGS real time stream to the in house rtCGS platform marked an
important step toward NRCan’s multi GNSS capability by removing legacy architectural
constraints and establishing a clear pathway to extend ambiguity resolved clocks/orbits
and bias products to additional constellations. In parallel, NRCan maintained continuity
and improved the stability of its operational GPS real time service dedicated to IGS.
Within rtCGS, NRCan’s real time computing engine implements the Decoupled Clock
Model (DCM) estimation strategy (Collins et al., 2010), which is extendable to multi-
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GNSS and supports high-rate PPP AR applications. Overall, NRCan’s and the IGS
real time approaches remain aligned in terms of workflows and emerging multi GNSS
combination requirements.

A key contribution of NRCan to Goal 1 has been the development and validation of the
clock and bias estimation software SPARKNet. SPARKNet was used to generate the clock
and bias products for the IGS repro3 campaign (1996-2020) matching the performance of
products from other IGS Analysis Centers (Geng et al., 2024).

Since May 2025, NRCan operationally uses SPARKnet for the generation of satellite phase
and code bias products and the consistent dissemination of the satellite attitude model
within its analysis workflow. These products contribute to the accurate modeling of GNSS
observations and support advanced applications such as precise point positioning with
ambiguity resolution (PPP-AR), thereby enhancing the overall quality and consistency of
IGS products.

In addition, SPARKCombo, NRCan’s clock and bias combination software is one of the
two candidate software for next-generation multi-GNSS combined products generated by

the IGS.

Overall, NRCan maintains and operates an independent analysis and validation chain
based on in-house software developments, including its POD processing framework (gPOD),
clock and bias estimation software (SPARKNet), clock combination software (SPARK-
Combo) and monitoring system for daily assessment. This contributes to technical di-
versity and redundancy within the IGS, strengthening the robustness of combined prod-
ucts. Through consistent multi-GNSS processing and long-term solution stability, NRCan
supports IGS monitoring, benchmarking, and coordination activities aimed at tracking
progress toward full multi-GNSS capability.

Contribution to Goal 2: Strengthen Outreach and Engagement

Beyond its role as an Analysis Center, NRCan advances the IGS goal of outreach and
engagement through the operation and continuous enhancement of the Canadian Spatial
Reference System Precise Point Positioning (CSRS-PPP) service. CSRS-PPP is a free,
publicly accessible GNSS post-processing service that enables users worldwide to derive
highly precise static and kinematic coordinates from RINEX observation data without
reliance on nearby reference stations, thereby giving access to precise positioning in both
local (NADS83) and global (ITRF) frames. In 2025, a major upgrade introduced support
for Galileo PPP with Ambiguity Resolution (PPP-AR), enabling more rapid convergence
and improved accuracy by resolving integer carrier-phase ambiguities on multi-GNSS data,
and expanding the range of supported GNSS signals. Over time the service has broadened
satellite constellation support, adopted latest reference frame realizations, and increased
its active users around the globe. Through these developments, CSRS-PPP enhances user
access to high-precision GNSS positioning, exemplifies the utility of AC’s products and IGS
standards in real-world applications, and reinforces IGS advocacy for open, interoperable
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geodetic services.

Overall, NRCan supports IGS outreach and engagement objectives by ensuring that all
contributed products are openly available to the global scientific and operational commu-
nity, in accordance with IGS open-data principles. The NRCan AC participates in IGS
coordination activities, technical exchanges, and reporting, contributing expert knowledge
to the broader GNSS and geodetic community.

By adhering to IGS standards, formats, and conventions, NRCan facilitates interoperabil-
ity and downstream use of IGS products in scientific research, positioning, navigation,
timing, and Earth observation applications. These contributions help reinforce the role of
IGS as a trusted provider of standardized, high-quality GNSS products.

Contribution to Goal 3: Build Sustainability and Resilience

NRCan supports IGS Goal 3 through the operation and long-term maintenance of the
Canadian Active Control System (CACS) network. CACS is a national network of contin-
uously operating GNSS reference stations that forms a core component of the Canadian
Spatial Reference System. Through CACS, NRCan provides stable, high-quality GNSS
tracking infrastructure that supports both national geodetic requirements and interna-
tional services such as the IGS. The network contributes to the long-term continuity,
reliability, and geographical diversity of the global GNSS tracking infrastructure.

The sustained operation of CACS strengthens IGS resilience by:

e Providing redundant, high-quality GNSS observations that support global product
generation and validation.

e Ensuring long-term station stability and data continuity, which are essential for
reference frame realization and geophysical applications.

e Supporting the integration of research and operational activities, as CACS data are
used both for routine services and scientific investigations.

By maintaining a nationally funded, operationally robust GNSS network aligned with
international standards, NRCan enhances the sustainability of the IGS observational in-
frastructure. This contribution directly supports IGS objectives related to infrastructural
diversity, long-term resilience, and the provision of open-access geodetic data in support
of global reference frames and Earth system monitoring.

Further NRCan provides continuous AC operations and maintains a complete processing
strategy e.g., from data to products, over extended time periods. These efforts support IGS
reprocessing activities and the long-term consistency of GNSS products used in terrestrial
reference frame realizations.

The operation of independent software systems and analysis infrastructure enhances the
diversity and resilience of IGS product generation. NRCan’s integration of research-driven
developments within an operational processing environment supports the dual role of the
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IGS as both a collaborative research program and an operational service. Through its
sustained commitment to open access GNSS products and international collaboration,
NRCan supports IGS alignment with global geodetic and Earth observation frameworks.
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Table 2: NRCan-AC products.

Product Description
Repro2:
em2wwwwd . sp3 GPS only

em2wwwwd . c1k Time Span 1994-Nov-02 to 2014-Mar-29
Use of JPL’s GIPSY-OASIS II v6.3
Daily orbits, ERP and SINEX

5-min clocks

Submission for IGS repro2 combination

em2wwwwd . sSnx
em2wwww7 .erp

Repro3:

EMRORO3FIN_yyyydoy0000_01D_01D_0SB.BIA
EMRORO3FIN_yyyydoy0000_01D_30S_CLK.CLK
EMRORO3FIN_yyyydoy0000_01D_30S_ATT.OBX

GPS only
Time Span 1996-Jan-01 to 2020-Dec-31
In-house software (SPARKNet)
30-sec clocks
Based on NGS repro3 solution (ERP, SP3 and SNX)
Submission for IGS repro3 combination
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Table 2: NRCan-AC products (continued).

Product Description

Final (weekly):

EMROOPSFIN_yyyydoy0000_01D_15M_ORB.SP3
EMROOPSFIN_yyyydoy0000_01D_01D_SOL.SNX
EMROOPSFIN_yyyydoy0000_01D_30S_CLK.CLK
EMROOPSFIN_yyyydoy0000_07D_01D_ERP.ERP

EMROOPSFIN_yyyydoy0000_07D_01D_SUM.SUM
GPS only

e Since 1994 and ongoing

e Use of JPL’s GIPSY-OASIS II v6.4 from 2016-Feb-01to
2022-Nov-26

Use of JPL’s GipsyX (mix of v1.3 and 2.0) since 2022-Nov-27
Use of SPARKNet since 2025-May-4

Daily orbits, ERP and SINEX from GipsyX/gPOD

Satellite clocks, phase & code biases, attitude model from
SPARKNet

o Weekly submission for IGS Final combination

Rapid (daily):

emrwwwwd . sp3 GPS only

emrwwwwd . clk e From July 1996 to 2011-05-21

emrwwwwd . erp Use of JPL’s GIPSY-OASIS (various versions)

Orbits, 5-min clocks and ERP (30-sec clocks from 2006-Aug-27)
Daily submission for IGR combination

GPS+GLONASS

Since 2011-Sep-06 and ongoing

Use of Bernese 5.0 until 2015-Feb-11
Use of Bernese 5.2 from 2015-Feb-12
Daily orbits and ERP

30-sec GNSS clocks
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Table 2: NRCan-AC products (continued).

Product Description

Ultra-Rapid (hourly):

emuwwwwd_hh.sp3  GPS only

emuwwwwd_hh.clk e From early 2000 to 2013-09-13, hour 06

Use of Bernese 5.0

Orbits, 30-sec clocks and ERP (hourly)
Submission for IGU combination (4 times daily)

emuwwwwd_hh.erp

GPS+GLONASS
e Since 2013-09-13, hour 12
Use of Bernese 5.0 until 2015-Feb-12
Use of Bernese 5.2 since 2015-Feb-13
Orbits and ERP (hourly)
30-sec GNSS clocks (every 3 hours)
30-sec GPS-only clocks (every other hours)
Submission for IGU/IGV combination (4 times daily)
From 2020-10-20, hourly 30-sec GLONASS clocks produced (used
to be every 3h) in addition to orbits and ERP with a delay of less
than one hour.

Real-Time:

GPS only
e Since 2011-11-10 until 2018-05-07
e In-house software (HPGPS.C)
e RTCM messages:
— orbits and clocks:1060
positions at Antenna Reference Point
float ambiguity clocks
— pseudorange biases: 1059
— phase biases: 1265
e Interval: 5 sec

GPS only
e Since 2018-05-08
e In-house software (HPGPS.C)
e RTCM messages:
— orbits and clocks:1060
positions at Antenna Reference Point
phase clocks
— pseudorange biases: 1059
— phase biases: 1265 (proposed)
e Interval: 5 sec
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1 Introduction

The United States Naval Observatory (USNO), located in Washington, DC, USA has
served as an IGS Analysis Center (AC) since 1997, contributing to the IGS Rapid and
Ultra-rapid Combinations since 1997 and 2000, respectively. USNO contributes a full
suite of rapid products (orbit and clock estimates for the GPS satellites, Earth rotation
parameters (ERPs), and receiver clock estimates) once per day to the IGS by the 1600
UTC deadline, and contributes the full suite of Ultra-rapid products (post-processed and
predicted orbit/clock estimates for the GPS satellites; ERPs) four times per day by the
pertinent IGS deadlines.

The USNO AC is hosted in the GPS Analysis Division (GPSAD) of the USNO Earth
Orientation Department. USNO AC activities, chairing the IGS Troposphere Committee,
and serving on the IGS Governing Board are overseen by Dr. Sharyl Byram. All GPSAD
members, including Mr. Jeffrey Crefton, and Dr. Elizabeth Lovegrove participate in the

USNO AC efforts.

USNO AC products are computed using Bernese GNSS Software (Dach et al., 2015).
Rapid products are generated using a combination of network solutions and precise point
positioning (PPP; Zumberge et al. | 1997). Ultra-rapid products are generated using
network solutions. IGS Final Troposphere Estimates are generated using Precise Point
Positioning (PPP).

GPSAD also generates a UT1-UTC-like value, UTGPS, four times per day. UTGPS is
a GPS-based extrapolation of UT1-UTC measurements. The IERS (International Earth

Rotation and Reference Systems Service) Rapid Combination/Prediction Service uses UT-
GPS in their combined daily processing of UT1-UTC. Mr. Crefton oversees UTGPS.
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More information about USNO Rapid, Ultra-rapid, Troposphere, and UTGPS prod-
ucts can be found at the USNO website: https://maia.usno.navy.mil/products/gps-
analysis. The IGS Final Troposphere Estimates can also be downloaded at https:
//cddis.nasa.gov/archive/gnss/products/troposphere/zpd/.

2 Product Performance, 2025

Figures 1-4 show the 2025 performance of USNO Rapid and Ultra-rapid GPS products,
with summary statistics given in Table 1. USNO rapid orbits had a median weighted RMS
(WRMS) of 18 mm with respect to (wrt) the IGS rapid combined orbits. The USNO Ultra-
rapid orbits had median WRMSs of 20 mm (24-h post-processed segment) and 41 mm (6-h
predict) wrt the IGS rapid combined orbits. USNO rapid (post-processed) and Ultra-rapid
6-h predicted clocks had median 137 ps and 671 ps RMSs wrt IGS combined rapid clocks.

USNO rapid polar motion estimates had (x, y) 26 and 21 microarcsec RMS differences
wrt IGS rapid combined values, respectively. USNO Ultra-rapid polar motion estimates
differed (RMS of x, y) from IGS rapid combined values by 152 and 274 microarcsec for the
24-h post-processed segment, respectively. The USNO Ultra-rapid 24-h predict-segment
values differed (RMS of x, y) from the IGS rapid combined values by 356 and 364 mi-
croarcsec, respectively.

All USNO AC official products were generated with the Bernese GNSS Software in 2025
and were produced using the IGS20 or IGb20 reference frame as appropriate.
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Figure 1: Weighted RMS of USNO GPS orbit estimates with respect to IGS Rapid Combination,
2025. “Ultra-past” refers to 24-hour post-processed section of USNO Ultra-rapid orbits.
“Ultra-pred” refers to first six hours of Ultra-rapid orbit prediction.

RMS, USNO GPS Clock Estimates wrt IGS Rapid Combination Clocks

2500

2000

1500 -

ps

1000 -

500

day of year

~—ultra-pred —o—rapid

Figure 2: RMS of USNO GPS Rapid clock estimates and Ultra-rapid clock predictions with
respect to IGS Rapid Combination, 2025.
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USNO Rapid Polar Motion wrt IGS Rapid Combination
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Figure 3: USNO Rapid Polar Motion estimates differenced with IGS Rapid Combination values,
2025.
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Figure 4: USNO Ultra-rapid Polar Motion estimates differenced IGS Rapid Combination values,
2025. “pred” denotes predicted and “past” denotes post processed.
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Table 1: Precision of USNO Rapid and Ultra-Rapid Products, 2025. All statistics computed with
respect to IGS Combined Rapid Products.

USNO GPS
satellite orbits

USNO GPS-based
polar motion estimates

USNO GPS—based
clock estimates

Statistic: median weighted
RMS difference

Statistic: RMS difference

Statistic: median
RMS difference

units: mm units: 107° arc sec units: ps
dates rapid ultra—rapid rapid ultra—rapid rapid  ultra-rapid
past 6-h past 24 h  24-h predict  past 6-h
24 h  predict x y X y X y 24 h predict
1/1/2025 —
20 41 26 21 152 274 356 364 137 671
12/31/2025
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1 Introduction

Since 2012, the IGS Analysis Center at Wuhan University (WHU) has been a key contrib-
utor to the International GNSS Service (IGS), providing precise ultra-rapid, rapid, and
MGEX products on a regular basis. These products are generated using the latest version
of the Positioning and Navigation Data Analyst (PANDA) software (Liu and Ge, 2003;
Shi et al., 2008).

In 2025, besides the routine generation of precise GNSS products, efforts were devoted
to improve the accuracy of geocenter motion parameters based on GNSS observations,
including non-loading model improvements and the use of GPS-SLR space ties onboard
LEO satellites.

2 WHU Analysis Products

The products provided by WHU are summarized in Table

3 Refined Geocenter Motion derived from GNSS
displacements

Geocenter motion (GCM) refers to the motion of the Earth’s center of figure (CF) rel-
ative to its center of mass (CM). It is closely related to the definition of the reference
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Table 1: List of products provided by WHU.

WHU rapid GNSS products

WHUOOPSRAP_YYYYDDDHHOO_01D_15M_ORB.SP3  Orbits for GPS/GLONASS/GalileO satellites

WHUOOPSRAP_YYYYDDDHHOO_01D_05M_CLK.CLK 5-min clocks for stations and
GPS/GLONASS/Galileo satellites

WHUOOPSRAP_YYYYDDDHHOO_O01D_O1D_ERP.ERP ERPs

WHU ultra-rapid GNSS products

WHUOOPSULT_YYYYDDDHHOO_02D_15M_ORB.SP3  Orbits for GPS/GLONASS/Galileo satellites,
provided to IGS every 6 hours

WHUOOPSULT_YYYYDDDHHOO_02D_O1D_ERP.ERP observed and predicted ERPs provided to
IGS every 6 hours

WHU Hourly GNSS products

WUMOMGXNRT_YYYYDDDHHOO_02D_05M_ORB.SP3  Orbits and clock for GPS/ GLONASS/

WUMOMGXNRT_YYYYDDDHHOO_02D_05M_CLK.CLK Galileo/ BDS/ QZSS satellites provided to

WUMOMGXNRT_YYYYDDDHHOO_02D_30S_CLK.CLK IGS-MGEX every 1 hours

WUMOMGXNRT_YYYYDDDHHOO_02D_O1D_ERP.ERP  Observed and predicted ERPs provided to
IGS-MGEX every 1 hours

WUMOMGXNRT _YYYYDDDHHOO_01D_01D_0SB.BIA code/phase biases related to the NRT orbit
and clock corrections, Bias-SINEX format

WUMOMGXNRT_YYYYDDDHHOO_02D_30S_ATT.0BX Satellite attitude, ORBEX format

WHU Ionosphere products

whugDDDO. YYi Final GIM with 3-d GPS/GLONASS
observations

whrgDDDO. YYi Rapid GIM with 1-d GPS/GLONASS
observations

WUMOMGXRAP_YYYYDDDOOOO_01D_01D_ABS.BIA Rapid OSB with 1-d multi-GNSS
observations

IONOOOWHUO Real time GIM with 5-min GPS observations

frame origin: the realization of the International Terrestrial Reference Frame (ITRF) cor-
responds to the CM on secular timescales but coincides with the CF on seasonal and
shorter timescales before the release of ITRF2020 (Dong et al., 1997). GNSS, with its ex-
tensive global tracking network and continuous observations characterized by high spatial
and temporal resolution, has proven to be a pivotal tool for estimating GCM with high
precision.

With the GNSS technique, two methods can be employed for GCM estimation: the net-
work shift approach and the degree-1 deformation approach. The accuracy of the GNSS-
derived GCM model based on degree-1 deformation approach has improved in two as-
pects: the improvement of estimation methods and the update of GNSS data. First, in
the degree-1 deformation approach to estimate GCM, the global degree-1 deformation is
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3 Refined Geocenter Motion derived from GNSS displacements

assumed to be primarily caused by surface mass redistribution Blewitt G. (2003). How-
ever, GNSS displacements include significant signals that are unrelated to surface mass
loading, known as non-loading errors. Previous studies have shown that only about 40%
of vertical and less than 20% of horizontal annual GNSS displacements can be explained
by large-scale loading models (Dong et al., 2002; Niu et al., 2022). These errors can bias
GCM estimates if not properly corrected.

To address this issue, we modeled and removed three types of non-loading errors, includ-
ing bedrock thermoelastic deformation, GNSS draconitic errors, and background noise in
GNSS residuals, with the purpose of improving GCM accuracy (Wei et al., 2025). Fig-
ure | shows the GCM derived from GNSS residuals before and after the removal of these
three types of non-loading errors, together with independent reference GCM datasets from
geophysical loading models. The results demonstrate that thermoelastic deformation is
a significant contributor to the inconsistency between GNSS and other techniques in the
annual variation of the Z component. It causes an annual variation with an amplitude of
about 1.8 mm. Meanwhile, non-seasonal scatter in the GNSS-derived X and Y compo-
nents is notably reduced after removing draconitic errors and filtering background noise.
These corrections together significantly improve the consistency of GNSS-derived GCM
with independent estimates.

Second, we found that the accuracy of GCM derived from GNSS using the degree-1 de-
formation approach has been greatly improved from the second to the third reprocessing
campaigns (repro2 and repro3) (Zhou et al., 2025). We compared the GCM obtained
from repro2 and repro3 station position residuals for the period 2003-2014, based on the
same set of stations. The time series of obtained GCM are shown in Figure 2. In terms
of the annual variations, the repro3-derived GCM outperforms the repro2-derived GCM,
particularly in the Y component. The relatively poorer performance of repro2 in the
Y component is mainly attributed to stronger draconitic errors, with the annual phase
deviation reduced from 56° to 20° after mitigating these errors. For the intra-seasonal
variations, repro2 is more scattered compared with repro3, while the correction of dra-
conitic errors also improves their consistency. The improvement in GCM primarily results
from the higher precision of station position time series in repro3 relative to repro2 (Re-
bischung et al., 2024). More specifically, the draconitic signals in repro3 station position
residuals have been notably reduced compared with repro2, benefiting from refined GNSS
satellite orbit modeling. In addition, the inclusion of Galileo observations in repro3 may
also contribute.
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Figure 1: Time series and periodograms of the geocenter motion derived from four sets of GNSS
residual time series (ig3 gem0-ig3 geml) and the geophysical models (AOH _gem).
The magenta box highlights an abnormal fluctuation in GX. For ig3 _gecm0O-ig3 gem3,
the three solutions represent the results after sequentially removing draconitic errors,
background noise, and thermoelastic deformation. The dashed lines denote the 0.5
cycles-per-year (cpy) harmonic (pink) and the first four draconitic harmonics (green).
Offsets of 10, 12, and 18 mm have been added to the time series of GX, GY, and
GZ, respectively. Offsets of 2, 4, and 7 mm have been added to the corresponding
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3 Refined Geocenter Motion derived from GNSS displacements
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4 Global geodetic parameter determination using GPS-SLR
space ties onboard LEO satellites

Global geodetic parameters, such as Geocenter Coordinates (GCCs) and Earth Rotation
Parameters (ERPs), are critical for the definition of the International Terrestrial Refer-
ence Frame (ITRF) and geophysical studies. Traditional ITRF realization relies heavily
on ground-based local ties to combine multiple space geodetic techniques, but these ties
suffer from spatial unevenness, high maintenance costs, and infrequent updates. Low
Earth Orbit (LEO) satellites equipped with multi-geodetic payloads have emerged as a
transformative solution, offering "space ties" that enable inter-technique linkage indepen-
dent of ground surveys. This co-location configuration compensates for the limitations
of single GNSS technique, and provides advantages such as multi-payload compatibility,
enhanced observation geometry, high temporal sampling, and improved geocenter sensi-
tivity. In this case, the network shift approach is employed to calculate GCCs. Focusing
on precise determination of global geodetic parameters using GPS-SLR space ties onboard
three LEO satellites of the Swarm mission. To optimize performance, GPS and SLR tech-
niques are directly combined at the observation level. Three sets of observations including
ground-based GPS, Swarm-borne GPS, and SLR-to-Swarm data were processed using the
self-developed GSTAR software over the period 2019-2023.

Figure 3 presents the daily formal errors of GCC estimates derived from the GPS-only,
GPS+LEO, and GPS+LEO+SLR solutions. Overall, the formal errors of the GCC X and
Y components are approximately half those of the GCC Z component. Compared to the
GPS-only solution, the GPS+LEO solution reduces GCC formal errors by 46.5%, 48.4%,
and 36.7% for the X, Y, and Z components, respectively, indicating that Swarm-borne GPS
observations significantly enhance the reliability of GCC estimates. This improvement is
primarily attributed to enhanced geocenter sensitivity and to rapidly varying observational
geometry from LEO satellites. Compared to the GPS+LEO solution, GPS+LEO+SLR
solution further improvements are achieved with formal errors reduced by 13.5%, 12.6%,
and 0.5% for the X, Y, and Z components, respectively. Given the large discrepancy in
observation volume (GPS vs. SLR), such improvement, particularly for X and Y compo-
nents, is still substantial. This result confirms that unambiguous SLR range measurements
outperform GNSS phase measurements for certain geodetic parameters. Additionally, in-
corporating SLR-to-Swarm observations further mitigated the S-angle dependence of the
formal errors of GCC X/Y components (reducing errors by 12.6%-13.5%), and improved
the consistency between GCC estimates and external SLR-based solutions.
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Figure 3: Formal errors of GCC estimates for the X (top), Y (middle), and Z (bottom) compo-
nents. The green curve indicates the Sun elevation angles (/) for the orbital planes of
Swarm A/C, and the red curve indicates that of Swarm B
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Figure 41 presents the formal errors of pole coordinates and LOD estimates derived from
the GPS-only, GPS+LEO, and GPS+LEO-+SLR solutions. Compared to the GPS-only
solution, the GPS+LEO solution reduced ERP formal errors by 31.5% (LOD) and 34.3%-
40.2% (pole coordinates). Subsequent inclusion of SLR-to-Swarm observations yields only
marginal improvements in ERP formal errors. This may be attributed to two factors: (1)
Swarm-borne GPS observations already reduce ERP estimation errors to a low level; and
(2) SLR~to-Swarm observations remain extremely sparse compared to continuous GPS
data. In general, the impact Swarm-borne GPS observations on ERP estimates is mixed.
Although Swarm-borne GPS observations improve the consistency with the IERS-20-C04
product for the Y-pole coordinate and LOD, they increase the differences for the X-pole
coordinate. SLR-to-Swarm observations are one-way range measurements from individual
SLR stations to Swarm satellites. Their absolute ranging capability and high geocenter
sensitivity make them effective for direct and accurate estimation of geocenter motion. As
a result, SLR-to-LEO observations have greatly improved GCC estimates. However, this
absolute ranging property of SLR makes it insensitive to Earth rotation.
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Figure 4: Formal errors of pole coordinates and LOD. The green curves denote the Sun elevation
angles above GPS orbital planes ((5)
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1 Introduction

The International Association of Geodesy (IAG) Regional Reference Frame Sub-commission
for Europe, EUREF, defines, maintains, and provides access to the European Terrestrial
Reference System (ETRS89; Altamimi and Collilicux , 2024). This is realized through
the EUREF Permanent GNSS Network (EPN). EPN observation data, as well as precise
station coordinates and zenith total delay (ZTD) parameters for all EPN stations, are
publicly available.

EUREF also coordinates scientific activities related to the future evolution of ETRSS89,
including the ETRS89 Study Group, which investigates the strengths and weaknesses of
alternatives to ETRS89.

EUREF cooperates closely with the International GNSS Service (IGS). EUREF members
actively contribute to the IGS through participation in, for example, the IGS Governing
Board, the Reference Frame Committee, the RINEX Committee, the Real-Time Commit-
tee, the Antenna Committee, the Troposphere Committee, the Infrastructure Committee,
and the Multi-GNSS Pilot Project.

This paper provides an overview of the main changes in the EPN during the year 2025.
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2 EPN Central Bureau

The EPN Central Bureau (CB, https://epncb.oma.be), managed by the Royal Observa-
tory of Belgium (ROB), continued its operational oversight of the EPN network in 2025,
with a focus on key station performance metrics such as data availability, metadata accu-
racy, and data quality (Bruyninx et al., 2019). Ten new GNSS stations were integrated into
the EPN in 2025 (highlighted in green in Figure 1): two in France (INGPOOFRA in Feb.
and AAEROOFRA in May), two in G.-D. Luxemburg (TROSO0LUX and ECH200LUX
in April), two in Romania (FOCSO0ROU and MUREOOROU in Nov.), one in Andorra
(PCAROOAND in Sept.), Cyprus (ASGAOOCYP in April), Italy (PAD100ITA in July), and
Germany (WT2100DEU in Nov.). Detailed information on all stations is available from
the EPN CB. During the same period, three stations were decommissioned: BACAOOROU,
IGNFOOFRA, PADOOOITA.

Additionally, the Open Data Portal (https://gnss.be/opendataportal.php) built on
top of the EPN Historical Data Centre transitioned from beta to full operational status
in 2025. This transition included an update of the GNSS-DCAT-AP schema used by the
portal (https://doi.org/10.5281/zenodo.7777568).

To further support EUREF’s commitment to promoting FAIR (Findable, Accessible, In-
teroperable, Reusable) data practices, the number of EPN stations with assigned Digital
Object Identifiers (DOI) increased significantly in 2025. Approximately 230 EPN sta-
tions now have DOI-referenced datasets, searchable via the M3G system (https://gnss-
metadata.eu), enhancing data visibility, citation, and recognition for data providers. This
is an increase of more than 50% compared to 2024. To guarantee compliance with inter-
national standards, EUREF applied the recommendations from the GGOS Committee on
Digital Object Identifiers (DOIs) for Geodetic Data Sets issued in 2025.

Following Resolution No. 1 of the 2025 EUREF Symposium in Covilha (Portugal), the
EPN station guidelines were updated in September 2025 to reflect that all EPN stations
will, by default, be included in the GNSS network of the European Plate Observing System
(EPOS). In practice, ROB will gradually make all EPN station metadata from M3G and
EPN RINEX data from the EPN Historical Data Centre discoverable within EPOS starting
in 2026. The updated station guidelines also include revisited recommendations for the
formats to be used when providing data to EUREF.

The number of EPN stations providing real-time data had a slight increase in 2025.
By the end of 2025, 211 EPN stations were providing real-time data, with an addi-
tional nine stations experiencing extended outages in the past. The EPN Central Bu-
reau monitors the availability and latency of the real-time data streams at the three
EPN broadcasters, located at ASI, BKG and ROB. Detailed status updates are avail-
able from https://epncb.oma.be/_networkdata/data_access/real_time/status.php
while metadata monitoring can be accessed at https://epncb.oma.be/_networkdata/
data_access/real_time/metadata_monitoring.php. A total of 220 data streams are
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3 Data Products

Figure 1: New GNSS stations (in green) integrated in the EPN in 2025.

monitored operationally, with 94% of the real-time data available across all three EPN
casters.

Additionally, the EPN real-time products SSRA02IGS0 _EUREF and SSRA03IGS0O _EUREF,
along with the broadcast ephemerides BCEPOOBKGO, are accessible from the EPN cast-

ers.

3 Data Products

3.1 Positions

The EPN Analysis Centres (ACs) operationally process GNSS observations collected at
EPN stations. In 2025, all 17 ACs (Table 1) were providing final daily coordinate solutions
of their subnetworks. Twelve ACs were also providing rapid daily solutions, and three ACs
were providing near-real-time solutions. All AC solutions were combined by the Analysis
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Centre Coordinator (ACC). Details on the various combinations performed by the ACC are
given on the ACC website (http://www.epnacc.wat.edu.pl/epnacc/final/). In 2025, 7 of
10 new EPN stations mentioned in section 2 (AAEROOFRA, ASGA00CYP, ECH200LUX,
IGNPOOFRA, PAD100ITA, PCAROOAND, and TROSO00LUX) were successfully included
in the EPN combined coordinate solutions. The three remaining stations (FOCS00ROU,
MUREOOROU, WT2100DEU) were incorporated into the EPN in November 2025, and
the first EPN combined solutions in which these stations will be included will be released
in January 2026.

On February 2, 2025 (start of GPS week 2352), the reference frame to which the EPN
combined coordinate solutions are aligned was changed from 1GS20 to IGb20. The new

reference frame includes 24 additional EPN reference stations (62 in IGb20 vs. 38 in
1GS20).

In October 2025, the EPN operational combined solutions for weeks 2238-2313 (27 Novem-
ber 2022 to 11 May 2024) were recombined to ensure better consistency with subsequent
solutions. The new solutions are based on all 17 AC solutions (including previously missing
solutions from two ACs) and incorporate updated solutions from several ACs.

3.2 Troposphere

The EPN ACs operationally submit to EUREF Zenith Total Delay (ZTD) parameters
and horizontal gradients estimated for each EPN stations included in their subnetwork.
In 2025, 17 ACs were providing final daily troposphere solutions. In addition, 10 ACs
were providing rapid troposphere solutions. In 2025, 7 of the 10 new EPN stations
(AAEROOFRA, ASGA00CYP, ECH200LUX, IGNPOOFRA, PAD100ITA, PCAROOAND,
and TROSO0OLUX) have been successfully included in the individual and combined tropo-
sphere solutions.

For each EPN station included in the combined solution, Integrated Water Vapour (IWV)
is given along with ZTD. Tropospheric products are disseminated in SINEX TRO v2.0
format and are available in the EUREF product directory at the BKG and BEV data
centers.

The EPN CB shows on https://epncb.oma.be/_productsservices/troposphere/mean_
zpd_biases.php for each AC the weekly mean bias (top) and the related standard devi-
ation (bottom) of its solutions with respect to the combined solution. Gross errors (i.e.
ZTD with formal standard deviation > 15 mm) and outliers, detected during the com-
bination process, are removed thus not affecting the combined value. The time series is
based on EPN-Repro2 solutions (GPS week 834 until 1824) and on operational solutions
using [GS14 standards until GPS week 2237 and IGS20 standards afterwards. Due to
these changes, the time series is not homogeneous, and it will be replaced by EPN-Repro3
products (January 1996 - November 2022). Thanks to the availability of the EPN Re-
pro3 site coordinate combined product, the last months of 2025 have been devoted to the
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3 Data Products

Table 1: EPN Analysis Centres characteristics: provided solutions (W — final weekly, D — final
daily, R — rapid daily, N — near real-time, E03 — repro3), the number of analysed GNSS
stations (in brackets: number of stations added/excluded in 2024), used software (BSW
— Bernese GNSS Software (Dach et al., 2015), GG — GAMIT/GLOBK), used GNSS
observations (G — GPS, R — GLONASS, E — Galileo).

AC Analysis Centre Description Solutions # sites Software GNSS

AST  Centro di Geodesia Spaziale G. Colombo, Italy W,D,R 122 (3/1) GipsyX-2.1 GRE

BEK Bavarian Academy of Sciences & Humanities, W,D,R,E03 144 (5/1) BSW 5.4 GRE
Germany

BEV Federal Office of Metrology and Surveying, W,D 172 (0/2) BSW 54  GRE
Austria

BKG Bundesamt fiir Kartographie und Geodasie, W.D,R,E03 159 (4/1) BSW 5.5 GRE
Germany

COD Center for Orbit Determination in Europe, W.,D 39 (0/0) BSW 5.5 GRE
Switzerland

GFZ GeoForschungsZentrum, Germany W,D,E03 111 (1/0) EPOS.P8 GRE

IGE Instituto Geografico Nacional, Spain W,D,R,E03 100 (3/1) BSW 5.4 GRE

IGN Institut Géographique National de I’information W,D,E03 63 (4/1) BSW 5.4 GRE
Geographique et Forestiére, France

LPT Federal Office of Topography swisstopo, W,D,R,N 60 (1/1) BSW 5.5 GRE
Switzerland

MUT Military University of Technology, Poland D,R,E03 155 (0/1) GG 10.71 GE

NKG Nordic Geodetic Commission, Lantméteriet, W,D,R,N,E03 108 (0/0) BSW 5.4 GRE
Sweden

RGA Republic Geodetic Authority, Serbia W,D 71 (2/2) BSW 5.4 GRE

ROB Royal Observatory of Belgium, Belgium D,R,E03 115 (5/1) BSW 54  GRE

SGO Lechner Knowledge Center, Hungary W,D,R,E03 68 (2/1) BSW 5.4 GRE

SUT  Slovak University of Technology, Slovakia D,R,N,E03 96 (2/0) BSW 5.4 GRE

UPA  University of Padova, Italy W,D,R,E03 117 (3/2) BSW 5.4 GRE

WUT Warsaw University of Technology, Poland W,D,R,E03 155 (1/0) BSW 5.4 GRE

preparatory phase of EPN-Repro3 tropospheric combination.

Ten EPN ACs are delivering rapid troposphere estimates obtained as a by-product of the
rapid site position processing. These rapid solutions are the input for a rapid operational
troposphere combination available with a latency of 22 hours after the end of observations
of the analyzed day. Because of the distributed processing of the EPN stations, about 200
stations are included in the rapid combination disseminated in SINEX TRO v2.0 format
in the EUREF product directory at the BKG and BEV data centres. On a weekly basis
the agreement between the final and rapid combination is in the range of [1;2 |mm for the
standard deviation and [—3; 0 ]mm for the bias.
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Figure 2: Mean RMS values of daily station position residuals between each AC solution and
combined solution in EPN Reprocessing 3 project. RMS values presented for north
(a), east (b) and vertical (c) components. The RMS values were smoothed in 14-day
interval.

3.3 Third EPN reprocessing

The third EPN reprocessing (EPN-Repro3) reached a major milestone in 2025 with the
completion of the analysis phase by twelve EPN ACs (see also Table 1). They successfully
reprocessed GNSS data spanning from 1996 to 2022. To ensure the highest level of robust-
ness and uniformity, the reprocessing followed a coordinated strategy aligned with 1GS
repro3 standards and utilized antenna calibrations consistent with the IGS20 reference
frame. The processing design ensured that each station was analyzed independently by at
least three different ACs, allowing for rigorous cross-validation. Beyond coordinates, the
EPN-Repro3 ACs also estimated new troposphere parameters from 1996 onwards, which
are currently being integrated for meteorological and climate applications.

In August 2025, based on the AC’s Reprod solutions, the EPN ACC completed the gener-
ation of combined Repro3 position solutions covering the period 1996-2022. The analysis
and combination of the AC solutions were performed in two basic steps: (1) stacking
and cleaning of individual AC solutions, and (2) combination of cleaned AC solutions
into common daily solutions including all EPN stations. The mean daily RMS values of
station position residuals between each AC daily solution and the combined solution are
presented in Figure 2. The EPN-Repro3 combined products consist of daily and weekly
coordinate solutions aligned to the IGS20 reference frame in SINEX format, along with
accompanying combination reports in text format and new reports in YAML format. The
products are available at the EPN data centers.

Based on these results, the final product, a new reference frame solution with the most
accurate and up-to-date positions and velocities, is currently being finalized by the EUREF
Reference Frame Coordinator and it is targeted for release at the beginning of 2026.
It combines combined EPN-Repro3 daily position solutions (January 1996 — November
2022) with EPN operational daily solutions (November 2022 — June 2025). The multi-
year solution is computed with CATREF (Altamimi et al., 2007) and expressed in 1Gc20
(IGSMAIL #8634) using minimal constraints on 50 reference stations. Outliers, position
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Figure 3: Comparison of time series length (in years) between the C2235 solution which was
EPN-repro2 based and the C2370 which is EPN-repro3 based.

discontinuities, and velocity changes have been corrected, and harmonization with the
global IGS solution ensures consistency with the global frame.

The retrieval of additional historical EPN data increased the dataset by 16% between 1996
and 2023, significantly extending many station time series and reducing by half the number
of stations with fewer than five years of observations (see Figure 3). These improvements
strengthen the reliability of the estimated velocities.

The carefully aligned analysis strategy ensured a smooth transition between EPN-Repro3
and operational products, with no visible discontinuities in residual RMS, transformation
parameters, or station position time series. In addition, the new solution shows excellent
agreement with 1Gc20, with 90% of stations matching within 4 mm horizontally and 10
mm vertically for positions, and within 0.25 mm /yr horizontally and 0.75 mm /yr vertically
for velocities. These results highlight the robustness of the new solution and its suitability
as the densification of ITRF2020 in Europe in order to maintain the ETRS89.
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1 Introduction

The Geodetic Reference System for the Americas (SIRGAS) comprises a network of con-
tinuously operating GNSS stations distributed across the American continent, known as
SIRGAS-CON (SIRGAS Continuously Operating Network). This network represents the
densification of the International Terrestrial Reference Frame (ITRF) in the Americas and
is processed weekly to determine station coordinates aligned with the current ITRF real-
ization. At present, SIRGAS-CON comprises 475 stations, some of which are part of the
International GNSS Service (IGS) network. In contrast, the remaining stations are part
of the national reference networks of the SIRGAS member countries.

This report focuses on the components of the SIRGAS reference frame, the current progress
and activities related to its maintenance and development, and the products and tools
derived from the computed solutions. These activities support the approach of strength-
ening multi-GNSS technical capabilities through the weekly processing and combination
of SIRGAS-CON, as well as the dissemination of SIRGAS through voluntary continental
participation by member countries.
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Figure 1: Condition of stations in the SIRGAS-CON network in the years 2021 to 2025.

2 Geodetic Infrastructure: SIRGAS Continuously Operating
Network (SIRGAS-CON)

SIRGAS-CON is the current and third realization of SIRGAS and comprises a network
of continuously operating GNSS stations distributed across Latin America. It currently
contains 475 stations, of which 110 are IGS (International GNSS Service) stations, while
the remaining 365 are part of regional reference frames. Of the total number of stations
composing SIRGAS-CON, 12 were incorporated into the network during the 2024-2025
period (Figure 1), while 32 stations were decommissioned due to limited or null data
continuity.

To ensure the proper integration of stations from regional reference frames into the conti-
nental reference frame, the SIRGAS-CON network is subdivided into two main components
(Figure 2):

e The core network (SIRGAS-C) corresponds to the primary densification of the ITRF

in Latin America, providing homogeneous continental coverage through stations lo-
cated at stable sites, thereby ensuring high long-term stability of the reference frame.

e The national networks (SIRGAS-N) complement the densification of the core net-
work, facilitating access to the SIRGAS-CON reference frame at national and local
levels.

Both the SIRGAS-C and SIRGAS-N networks share equivalent characteristics and quality
standards. Furthermore, each station is processed independently by three analysis centers,
contributing to redundancy and quality control of the resulting solutions.

The operation of the SIRGAS network is based on three key pillars:
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Figure 2: STRGAS-C and STRGAS-N.

e The voluntary contribution of more than 50 organizations that operate permanent
GNSS stations across the American continent and provide the observational data
required for the weekly processing of the network.

e The progressive increase in multi-GNSS capability at the regional level, where cur-
rently 90% of stations provide GLONASS observations, 49% provide GALILEO
observations, and 38% provide BeiDou observations.

e Redundancy is ensured through the independent processing of each station by three
analysis centers, enhancing the robustness and reliability of the weekly solutions.

Operational management is carried out in coordination with the 13 data centers, in ac-
cordance with the standards established in SIRGAS Guideline 1 (Tarrio et al., 2025).

3 SIRGAS-CON ANALYSIS CENTERS: Guidelines and

Standards Processing

SIRGAS currently operates twelve analysis centers. Two of these centers, UCR (Univer-
sidad de Costa Rica) and IGM-Bol (Instituto Geografico Militar de Bolivia), operated
as experimental processing centers during the 2024-2025 period, and their solutions were
officially incorporated into the SIRGAS solution combination starting with GPS week
2374. Of the total number of analysis centers, eight use the Bernese GNSS Software,
version 5.4 (Dach and Arnold, 2025) for weekly processing, while the remaining four use
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GAMIT /GLOBK, version 10.71 (Floyd et al., 2025; Herring et al., 2018).

Table | summarizes the processing centers that contribute to the SIRGAS solutions.

Table 1: Analysis centers.

Analysis Centers Software Processing Operative From Abbreviation
Stations

IBGE: Instituto Brasileiro de Geografia e BSW 5.4 179 2008-08-31 IBG
Estatistica (Brasil).
IGAC: Instituto Geografico Agustin Codazzi BSW 5.4 79 2008-08-31 1GA
(Colombia).
IGM-Uy: Instituto Geografico Militar de BSW 5.4 103 2010-01-01 URY
Uruguay.
CEPGE: Centro de Procesamiento de Datos BSW 5.4 88 2010-01-01 ECU
GNSS del Ecuador, Instituto Geografico Militar
(Ecuador)
IGN-Ar: Instituto Geografico Nacional de GG 10.71 230 2011-01-01 GNA
Argentina.
INEGI: Instituto Nacional de Estadistica y GG 10.71 51 2011-01-01 INE
Geografia (México).
IGM-CI: Instituto Geografico Militar de Chile. BSW 5.4 112 2013-01-01 CHL
USC: Universidad de Santiago de Chile: Centro BSW 5.4 242 2019-09-15 USC
de Procesamiento y Analisis Geodésico USC
(Chile)
IGN-Pe: Instituto Geografico Nacional del Pera. GG 10.71 105 2022-01-01 PER
IGN-Cr: Instituto Geografico Nacional de Costa BSW 5.4 79 2023-01-01 CRI
Rica
UCR: Universidad de Costa Rica. GG 10.71 81 2025-07-06 UCR
IGM-Bol: Instituto Geografico Militar de BSW 5.4 72 2025-07-06 BOL
Bolivia.

Table 2: Combination centers.
Combination Centers Software
IBGE: Instituto Brasileiro de Geografia e Estatistica (Brasil). BSW 5.4
DGFI-TUM: Deutsches Geodétisches Forschungsinstitut at the Technical University of BSW 5.4

Munich, Germany

The processing of the SIRGAS-C network has been carried out since GPS week 2295
by the USC Processing Center, while the stations belonging to the SIRGAS-N network
are computed by the other SIRGAS Local Processing Centers, which operate under the
responsibility of national Latin American organizations. The processing performed by the
analysis centers follows international standards for the computation of weekly solutions
with flexible constraints. These standards are based on the conventions described by the
International Earth Rotation and Reference Systems Service (IERS) (Petit and Luzum,
2010) and on the specific GNSS guidelines defined by IGS (Johnston et al.; 2017). Since
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GPS week 2347, Galileo system observations have also been included in the solutions.
As SIRGAS does not generate Earth orientation parameters nor compute orbit and clock
products, its solutions are computed based on the final weekly IGS products, and the
positions of all stations are constrained to £+1 m in order to produce position solutions
with flexible constraints in SINEX format.

3.1 Weekly solutions combination

The individual solutions generated by the analysis centers are combined by the SIRGAS
combination centers, currently operated by IBGE, which serves as the official combination
center, and by DGFI-TUM, which functions as the backup combination center (SIRGAS,
2011). During this process, the constraints applied to the individual solutions are removed,
and each subnetwork is independently aligned to the IGS reference frame using a selected
set of reference stations, chosen based on evaluations of their time series and equipment
changes to verify their stability. The estimated station positions are compared to identify
outliers, and stations exhibiting residuals exceeding £10 mm in the horizontal components
(NE) and £20 mm in the vertical component (UP) are excluded. The relative weighting
of the individual solutions is determined from the variances obtained after alignment to
the IGS reference frame. As a final result, fixed coordinates aligned to IGS and semi-free
coordinates with flexible constraints are generated.

3.2 Neutral atmosphere

As part of the weekly processing, the SIRGAS Analysis Centers estimate the Zenith Total
Delays (ZTD) at an hourly sampling interval, which serve as input for the generation of
the official SIRGAS tropospheric products. The SIRGAS Analysis Center for the Neutral
Atmosphere, operated at CIMA (Mendoza, Argentina), performs the weekly combination
and provides the operational ZTD products in daily SINEX_TRO files since January 2014,
with a latency of 30 days (Mackern et al., 2020).

4 Products and network accuracy

SIRGAS provides weekly coordinates as well as tropospheric products derived from the
weekly products generated by each analysis center (Table 3). These products include
tropospheric files, weekly station coordinates for the SIRGAS-CON network, SINEX files,
and SUM files corresponding to combination reports, the latter containing the numerical
values associated with the network’s weekly precision. SIRGAS-CON exhibits an internal
precision of approximately 1.2 mm (E), 1.2 mm (N), and 3.4 mm (U), and an external
precision of approximately 1.2 mm (E), 1.2 mm (N), and 5.1 mm (U).
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Figure 3: Internal Precision, resulting from comparison with the previous solution.

Figures 3 and 4 illustrate the evolution of network precision and highlight key milestones
during the 2024,/2025 period.

Table 3: Products.

File Description
SIROOPSFIN_YYYYDOY0000_07D_07D_SOL.SNX Combined SINEX solution computed by DGFI
IBGWWWS . SNX Combined SINEX solution computed by IBGE
SIROOPSFIN_YYYYDOY0000_07D_07D_SUM.SUM Combination report computed by DGFI
IBGWWWS . SUM Combination report computed by IBGE
sir26P2392.CRD Resulting coordinates from the combination
computed by DGFI
ibg25P2392.CRD Resulting coordinates from the combination

computed by IBGE
SIROOPSFIN_YYYYDOY0000_01D_O1H_SITENAME_TRO.TRO Daily tropospheric file per station
CCCOOPSFIN_YYYYDOYO000_07D_07D_SOL.SNX Weekly SINEX solution of each analysis center

SIRGAS products can be found at ftp://ftp.sirgas.org/pub/gps/SIRGAS/
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Figure 4: External Precision, resulting from the adjustment made with the IGS stations.

5 Operational products

This item highlights the applied research products that are generated from the STRGAS
products.

5.1 ADELA for SIRGAS with REPRO2 solutions

The SIRGAS-CON network comprises stations located in areas of high seismic risk (Fig-
ure 5). Therefore, and in accordance with Resolution No. 13 (SIRGAS, 2024), SIRGAS
promotes the implementation of kinematic reference frames that incorporate a tempo-
ral component in their definition, accounting for deformations caused by seismic events.
Therefore, SIRGAS provides a velocity model that enables the use of station velocities
through a velocity grid known as VEMOS. (Drewes et al., 2025). For its development,
VEMOS uses only the station’s linear velocity, as accounting for seismic offsets or other
geophysical components would entail greater complexity. It is within this complexity,
and as a complementary approach, that the deformation model for SIRGAS has been de-
veloped (https://adela.usach.cl/sirgas/)"' , based on the stations that comprise the

'The username and password are managed internally by WG1

177


https://adela.usach.cl/sirgas/

SIRGAS Associate Analysis Center

SIRGAS-CON network and using as input the coordinates derived from the REPRO-2
solution (Tarrio et al., 2025). Given the heterogeneous density of CORS stations across
the SIRGAS region, ADELA complements Frequent Epoch Reference Frames (FERF)
(Blofsfeld et al., 2013; Kehm et al., 2022(@) for the determination of coordinates at pas-
sive points (survey marks).

The model developed for SIRGAS is based on the approach implemented for ADELA,
which corresponds to a deformation model derived from the analysis of displacements
recorded by GNSS stations in Chile from 2009 to 2025, a period marked by major earth-
quakes such as Maule 2010 and Iquique 2015, among others. The primary objective of
the model is to enable the temporal propagation of point coordinates to any reference
epoch within the 2009-2025 interval, explicitly accounting for the effects of seismic events
in the region during the coordinate computation (Tarrio et al. et al., 2024). ADELA is
a complementary deformation model derived from SIRGAS products, and not a regular
standard product of the STRGAS-CON system.

5.2 New SIRGAS ZTD products derived from 1GS14 homogenization and
the inclusion of all historical SIRGAS Stations

In 2024, advances were made in combining ZTD estimates derived from the second SIR-
GAS reprocessing campaign (REPRO2), covering the period 2002-2013. This reprocess-
ing aimed to obtain homogeneous products aligned with the IGS14/IGb14. In addition, a
newly updated set of operational STRGAS tropospheric products is introduced, incorpo-
rating statistical enhancements to the ZTD combination strategy for the period 2014-2024
(1_OPS). Both datasets include all operational GNSS stations integrated into SIRGAS
across the Americas, resulting in ZTD time series for more than 600 sites over 23 years.
More than 330 stations provide time series of at least 10 years, supporting climatological
applications.

The consistency of the new ZTD products was assessed using IGS tropospheric estimates
at 99 stations, yielding excellent agreement, with mean ZTD biases below 1 mm and mean
RMSEs below 7 mm. Additional validation against radiosonde-derived ZTD at 73 sites
yielded a mean bias of -1.4 mm and a mean standard deviation of 12.9 mm. These results
confirm that the new SIRGAS ZTD products are homogeneous and reliable across the
continent, providing a high-quality tropospheric dataset spanning more than two decades
for future geodetic and atmospheric research in the region.

They are provided in daily files for each station. Their format follows the SINEX_TRO
version 2 specifications (Pacione and Dousa, 2020). Likewise, each file’s naming convention
adheres to this standard. The products are available on the SIRGAS website in two folders,
according to their corresponding data source (1 OPS: Operational products, and REPR2:
Reprocessing products)
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Figure 5: STIRGAS-CON and earthquakes.

6 Activities and capacity building

The WG1 (SIRGAS Working Group 1) is responsible for the SIRGAS-CON network and,
therefore, is responsible for providing assistance and participating in learning and capacity-
building opportunities offered to the national institutions that are members of SIRGAS.
Some of the activities carried out during the 2024 /2025 period include:

1.

Bernese Scientific Software 5.4 Course: “Observacién GNSS, posicionamiento, er-
rores, Orbitas, modelos utilizados en el procesamiento, técnicas de medicién y ajuste
de la red”, 2024.

Procesamiento estatico relativo BSW 5.4, 2024.
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3. Update of the SIRGAS Guidelines, January 2025.

4. Virtual School: “Marco de Referencia Terrestre. Monitoreo Geodinamico y Atmos-
férico 2025”.

5. Procesamiento Avanzado de Datos de Geodesia Espacial con Bernese 5.4: Técnicas
GNSS y Modelos No Lineales, 2025. (https://doi.org/10.60547/USACH/ECWNFP)

6. Workshop: Network Coordination Guidelines, delivered to colleagues from IBGE on
August 25 and 26, 2025.

According to the SIRGAS guidelines update, the following points are highlighted for
Guideline 1, related to the coordination of the SIRGAS network: Cessation of operations
of the IGS Analysis Center (IGS-RNAAC), Establishment of the Alternative Data Cen-
ter (CRDA), and Creation of the Experimental Combination Center role. Related to the
installation, operation, and registration of SIRGAS-CON stations: Timeframes are estab-
lished for changes in station status (Active, Inactive, or Removed). Finally, for Guideline
3, which relates to the processing guidelines for SIRGAS-CON processing centers, the
obligations of the experimental combination centers are detailed.
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1 Introduction

The IGS Infrastructure Committee (IC) is a permanent body established to ensure that
the data requirements for the highest quality GNSS products are fully satisfied while also
anticipating future needs and evolving circumstances. Its principal objective is to ensure
that the IGS infrastructure components which collect and distribute the IGS tracking data
and information are sustained to meet the needs of main stakeholders, in particular the
IGS Analysis Centres, fundamental product coordinators, committees, pilot projects, and
working groups.

The IC fulfils this objective by coordinating and overseeing facets of the IGS organisation
involved in the collection and distribution of GNSS observational data and information,
including network stations and their configurations (instrumentation, monumentation,
communications, etc.), and data flow. The IC establishes policies and guidelines, where
appropriate, working in close collaboration with all IGS components, as well as with the
various agencies that operate GNSS tracking networks. The IC interacts with International
Association of Geodesy (IAG) sister services and projects — including the International
Earth Rotation and Reference Systems Service (IERS) and the Global Geodetic Observ-
ing System (GGOS) — and with other external groups (such as the Radio Technical Com-
mission for Maritime Services (RTCM)) to synchronise with the global, multi-technique
geodetic infrastructure.
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Figure 1: Map of the IGS Network in 2025; newly added stations highlighted in green, decom-
missioned stations highlighted in red

2 Members

The Committee is composed of the leadership (2), ex-officio members (11), who hold
active roles in other IGS Committees, representative members nominated and accepted
by ex-officio members (3), and a representative from each of the active global data centres

(6).

As of December 31, 2025, the Committee has a total of 22 active members. The IGS
Infrastructure Committee is open to all Associate Members who have an interest in the
sustainment and enhancement of the IGS Infrastructure. Non-Appointed members do not
have voting rights but are encouraged to actively participate in the Committee.

3 Advancements to the IGS Network in 2025

Throughout 2025, the IC actively assisted the Network Coordinator in responding to
inquiries from IGS product and data users. The Station Proposal Committee (SPC)
added 13 multi-GNSS stations to the network and removed 5 stations by request of the
station operators. Figure 1 highlights the newly added and decommissioned stations in a
global map, details for each station can be found in Table

LCDDIS, IGN, ESA, WHU, KASI, SIO
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Table 1: List of approved and decommissioned Stations in the IGS Network in 2025

Station Location Systems Real-Time Agency
Approved Stations (13):

ALACOOESP Alicante, Spain GREC Yes IGE
ARUAOOUGA Arua, Uganda GREC MLHUD-SMD
CACEOOESP Caceres, Spain GREC Yes IGE
CANTOOESP Santander, Spain GREC Yes IGE
CASCO0PRT Cascais, Portugal GRECS Yes DGT
ENTBOOUGA Entebbe, Uganda GREC MLHUD-SMD
FPRTOOUGA Fort Portal, Uganda GREC MLHUD-SMD
HUMGOOVNM  Hanoi, Vietnam GRE Yes GFZ
MALLOOESP Palma de Mallorca, Spain GREC Yes IGE
NRMGOONCL  Noumea, New Caledonia GRECIJS  Yes CNES
PIUROOPER Piura, Peru GRECS Yes GFZ
RIO100ESP Logrono, Spain GRE Yes IGE
SRTIOOUGA Soroti, Uganda GREC MLHUD-SMD
Decommissioned Stations (5):

BRUNOOBRN Gadong, Brunei GRECJ JAXA
GODZ00USA Greenbelt, USA GR JPL
MAYGOOMYT  Dzaoudzi, Mayotte GRECIS CNES
PADOOOITA Padova, Italy GRECIS UPAD
WTZS00DEU Bad Koetzting, Germany ~ GRECIS BKG

Legend for system IDs
G: GPS, R: GLONASS, E: Galileo, C: BeiDou, J: QZSS, I: IRNSS/NavIC, S: SBAS

4 2025 Activities: Review and Outlook

The IC is actively working towards implementing the recommendations derived from the
2024 1GS Workshop. A summary of these recommendations is provided in Table

In 2023, we published the “Guidelines for Continuously Operating Reference Stations
(CORS) in the IGS”” | a comprehensive resource designed to support station owners and
operators in planning, establishing, and maintaining CORS. As part of our commitment
to inclusion, diversity, equity, and accessibility (IDEA), we have made these Guidelines
accessible to a broader audience by translating them into multiple languages, including
French, Spanish, and German. In 2025, the community added the following languages:
Portuguese, Mandarin, Arabic, and Hindi. These translations are now available as web-
based documentation on the official IGS GitHub repository”.

In conjunction with the CORS Guidelines, we developed the “IGS CORS Management

’https://files.igs.org/pub/resource/guidelines/Guidelines_for_Continuously_Operating_
Reference_Stations_in_the_IGS.pdf
3https ://international-gnss-service.github.io/IGS_CORS_Guidelines
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Table 2: List of recommendations from the IGS Workshop 2024 and their status

#  Description Status

1 Encourage IGS station operators to track NavIC for stations within ~ Ongoing
the footprint and analysis centers to analyze the data.

2 Develop a policy for the inclusion and exclusion of stations. Completed

3 Contribute to the GGOS Data and Information System Committee  Ongoing
to ensure the improvement of FATR, GNSS data and metadata.

4  Develop an extensible way to categorize stations by their use for the Blocked

community.
5  Harmonize the code lists within the IGS station metadata. In Progress
6  Establish a task force on exploring cloud native storage formats. In Progress
7  Develop a charter for IGS data centers. Completed
8 Inclusion of more active members of the IC. Ongoing

Policy””, a clear policy governing the inclusion and exclusion process for stations in the
IGS network, aiming to enhance quality, consistency, and user experience.

The GeodesyML task team has transitioned to its new home within the GGOS Committee
on Data and Information Systems’, marking an exciting new chapter in its evolution.
This strategic move enables the team to broaden its scope, supporting multiple geodetic
techniques and driving innovation through the development of a next-generation, JSON-
LD based schema that will ultimately replace the current XML-based framework.

Furthermore, the IC developed a web-based application to maintain a Controlled Vocab-
ulary for station metadata. The API can be integrated into existing station management
platforms (e.g., IGS SLM", EPN M3G"). The final implementation and deployment of the
application is currently blocked due to resource limitations.

As part of our commitment to advancing the concept of a “Global GNSS Archive”, we de-
veloped the “Charter for the IGS Data Centres”®, a comprehensive collection of mandatory
and expected requirements that IGS data centres need to follow.

Additionally, members of the IC aim to explore cloud-based alternatives to RINEX as
the storage and access format for GNSS data. This initiative reflects the ongoing efforts
to enhance and optimise data storage and access methods in the GNSS community. A
dedicated workshop is scheduled for February 2026 hosted in Coimbra, Portugal. The goals

“https://files.igs.org/pub/resource/guidelines/IGS_CORS_Management_Policy.pdf

Shttps://ggos.org/about/org/bureau/bno/cwg/data-information-systems/

https://github.com/International-GNSS-Service/SLM

"https://gnss-metadata.eu/landing/m3g

Shttps://files.igs.org/pub/resource/working_groups/data_centers/Charter_for_
International GNSS_Service_Data_Centres.pdf
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4 2025 Activities: Review and Outlook

of the workshop are to prepare a draft schema and data model for a cloud-native GNSS
format, build a shared understanding of applicable technologies, create a collaboration
roadmap, and to draft a white paper to share with the broader community.

A dedicated task team is currently developing clear, community-aligned guidelines for the
use of Digital Object Identifiers (DOI) and data licenses, respectively. The documents aim
to promote consistent citation practices, improve the discoverability and reuse of research
outputs, and clarify expectations around data sharing and licensing.

Acronyms

BKG Bundesamt fiir Kartographie und Geodésie

CDDIS Crustal Dynamics Data Information System

CNES Centre National d’Etudes Spatiales

CORS Continuously Operating Reference Station(s)

DOI Digital Object Identifier

ESA European Space Agency

GA Geoscience Australia

GFZ GFZ Helmholtz Centre for Geosciences

GGOS Global Geodetic Observing System

IERS International Earth Rotation and Reference Systems Service
IGE Instituto Geografico Nacional de Espana

IGN Institut national de I'information géographique et forestiére
JAXA Japan Aerospace Exploration Agency

JPL Jet Propulsion Laboratory

KASI Korea Astronomy and Space Science Institute

MLHUD-SMD  Ministry of Lands, Housing and Urban Development Surveys and
Mapping Department

RTCM Radio Technical Commission for Maritime Services
SIO Scripps Institution of Oceanography

SPC Station Proposal Committee

UPAD University of Padova

WHU Wuhan University
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P. Michael

NASA Goddard Space Flight Center, Code 61A
Greenbelt, MD 20771 USA
benjamin.p.michael@nasa.gov

1 Introduction

The Crustal Dynamics Data Information System (CDDIS) is one of NASA’s Earth Ob-
serving System Data and Information System (EOSDIS) Distributed Active Archive Cen-
ters (DAACs) (see https://earthdata.nasa.gov/centers/cddis-daac). CDDIS sup-
ports the international space geodesy community. For over 45 years, CDDIS has pro-
vided continuous, long-term, public access to Global Navigation Satellite System (GNSS),
Satellite Laser Ranging (SLR), Very Long Baseline Interferometry (VLBI), and Doppler
Orbitography and Radiopositioning Integrated by Satellite (DORIS) data and derived
products required for a diverse variety of scientific studies, including the determination of
a global terrestrial reference frame, and geodetic studies in plate tectonics, earthquake dis-
placements, volcano monitoring, Earth orientation, and atmospheric angular momentum,
among others. EOSDIS DAACS serve a diverse user community and are tasked to provide
facilities that enable the discovery and access of science data and products. CDDIS is also
a regular member of the International Council for Science (ICSU) World Data System
(WDS, https://www.icsu-wds.org) and the Earth Science Information Partners (ESIP,
https://www.esipfed.org).

CDDIS is funded by NASA but cooperates extensively with the international community
in support of Earth science research. CDDIS serves as one of the primary data centers and
core components for the geodetic services established under the International Association
of Geodesy (IAG). In particular, the system has supported the International GNSS Service
(IGS) as a global data center since 1992. CDDIS activities within the IGS during 2025 are
summarized below. This report also includes any recent changes or enhancements made

to CDDIS.
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2 Archive Contents

As a global data center for the IGS, CDDIS is responsible for archiving and providing
access to GNSS data from the global IGS network, as well as the products derived from
the analyses of these data in support of both operational and working group/pilot project
activities. CDDIS archive is approximately 140 TBytes in size (over 550 million files)
of which nearly 90 % (126 TBytes) is devoted to GNSS data and GNSS products. All
these GNSS data and derived products are accessible through subdirectories at https:
//cddis.nasa.gov/archive/gnss.

CDDIS archive of IGS data and products are globally accessible through secure ftp
(FTPS/FTP-SSL, address: ftp://gdc.cddis.eosdis.nasa.gov) and through web-based
archive access (https://cddis.nasa.gov/archive). CDDIS is located at NASA’s God-
dard Space Flight Center in Greenbelt, Maryland, and is available to users 24 hours per
day, seven days per week.

2.1 GNSS Data
2.1.1 Main Data Archive

The user community has access to GNSS data and derived products available through the
on-line global data center archives of the IGS. Nearly 50 operational and regional 1GS
data centers and station operators make data available in RINEX format to CDDIS from
receivers on a daily, hourly, and sub-hourly basis. CDDIS also accesses the archives of
other IGS global data centers (GDCs) to retrieve (or receive) data holdings not routinely
transmitted to CDDIS by an operational or regional data center. However, this is not a
formal mirroring of the other GDCs, and as such it is possible that GDCs are not in a
one-for-one agreement on holdings. Table | summarizes the types of IGS GNSS data sets
available at CDDIS in the operational, non-campaign directories of the GNSS archive.

The main GNSS data archive (https://cddis.nasa.gov/archive/gnss/data) at CDDIS
contains GPS and GPS+GLONASS data in RINEX V2 format and multi-GNSS data in
RINEX V3 and RINEX V4 formats. Since January 2016, RINEX V3 data, and since
May 2022, RINEX V4 data, using the V3 “long” filename specification, have been made
available here along with the RINEX V2 data. The availability of RINEX V3 data into the
operational, main archives at the IGS GDCs (and detailed in the “RINEX V3 Transition
Plan”) addressed a key recommendation from the IGS 2014 Workshop: “one network one
archive” and provided for the better integration of multi-GNSS data into the entire IGS
infrastructure. Starting in 2015, stations began submitting RINEX V3 data using the
format’s “long” filename specification. The transition plan specified that RINEX V3 data
from IGS network sites using the V3 filename structure should be archived in the same
directories as the RINEX V2 data. Therefore, starting on January 1, 2016, all daily,
hourly, and high-rate data submitted to CDDIS in RINEX V3 format and using the long,
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2 Archive Contents

Table 1: GNSS Data Type Summary

Data Sampling Data Available
type Rate Format On-line
Daily GNSS 30 sec. RINEX V2 Since 1992
Daily GNSS 30 sec. RINEX V3 Since 2016
Daily GNSS 30 sec. RINEX V4 Since 2022
Hourly GNSS 30 sec. RINEX V2 Since 2005
Hourly GNSS 30 sec. RINEX V3 Since 2016
Hourly GNSS 30 sec. RINEX V4 Since 2022
High-rate GNSS 1 sec. RINEX V2 Since 2001
High-rate GNSS 1 sec. RINEX V3 Since 2016
High-rate GNSS 1 sec. RINEX V4 Since 2022
Satellite GPS 10 sec. RINEX V2 2002-2012

V3 filename specification have been archived in the same directories as the RINEX V2 data
(which use the 8.3.7Z filename for daily and hourly files and the 10.3.Z filename format for
high-rate files). In late 2021, the RINEX 4.00 format, which follows the V3 “long” filename
specification, was officially accepted by the IGS Governing Board. The Infrastructure
Committee developed a transition plan for the new format. More information on this
transition plan is available in IGSMAIL #8207 sent in May 2022. In addition, these
RINEX V3 and RINEX V4 files are compressed in gzip (.gz) format; files in RINEX V2
format now use gzip (.gz) as of 1 December 2020. These data in RINEX V3 and RINEX
V4 formats include all available multi-GNSS signals (e.g., Galileo, QZSS, SBAS, BeiDou,
and TRNSS) in addition to GPS and GLONASS.

CDDIS archives three major types/formats of GNSS data, daily, hourly, and high-rate
sub-hourly, all in RINEX format, as described in Table 1. Nearly 226K daily station days
from 582 distinct GNSS receivers were archived at CDDIS during 2025 of these sites, 116
sites supplied both RINEX V2 and V3 data (see Table 2), and 6.2K daily station days from
26 GNSS receivers were archived in RINEX V4 format. A complete list of daily, hourly,
and high-rate sites archived in CDDIS can be found in the yearly summary reports at URL
https://cddis.nasa.gov/archive/reports/gnss. All incoming files for CDDIS archive
are now checked for conformance to basic rules, such as valid file type, non-empty file,
correct compression usage, consistency between filename and contents, correct file naming
convention usage, and other logic checks. After incoming files pass these initial checks,
content metadata are extracted and the files undergo further processing based on data
type and format.

Daily RINEX V2 data are quality-checked, summarized (using UNAVCO’s teqc software),
and archived to public disk areas in subdirectories by year, day, and file type; the summary
and inventory information are also loaded into an on-line database. However, this data
quality information, generated for data holdings in RINEX V2 format, is not available
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Table 2: GNSS Data Archive Summary for 2025

Data Type Number of sites Vol. +# files Directory

V2 V3 V24V3 V4 Unique

Daily 212 483 116 26 582 2018 GB 1.1 M /gnss/data/daily
Hourly 109 392 76 14 425 738 GB 129 M /gnss/data/hourly
High-rate 55 336 49 14 344 215 TB 27.7M /gnss/data/highrate

through the software used by CDDIS to summarize data in RINEX V3 or RINEX V4
format. CDDIS continues to investigate and evaluate software capable of providing data
summary /quality control (QC) information for RINEX V3 and RINEX V4 data.

Within minutes of receipt, the hourly GNSS files are archived to subdirectories by year,
day, and hour. Although these data are retained online, the daily files delivered at the
end of the UTC day contain all data from these hourly files and thus can be used in lieu
of the individual hourly files.

2.1.2 Broadcast Navigation Files

CDDIS generates global RINEX V2 broadcast ephemeris files (for both GPS and GLONASS)
on a daily and hourly basis. The hourly concatenated broadcast ephemeris files are derived
from the site-specific ephemeris data files for each hour and are appended to a single file
that contains the orbit information for all GPS and GLONASS satellites for the day up
through that hour. The merged ephemeris data files, named hourDDDO.YYn.gz, are then
copied to the day’s subdirectory within the hourly data file system. Within 1-2 hours after
the end of the UTC day, after sufficient station-specific navigation files have been submit-
ted, this concatenation procedure is repeated to create the daily broadcast ephemeris files
(both GPS and GLONASS), using daily site-specific navigation files as input. These daily
RINEX V2 broadcast ephemeris files, named brdcDDDO.YYn.gz and brdcDDDO.YYg.gz,
are then copied to the corresponding year/day nav file subdirectory as well as the yearly
brdc subdirectory (/gnss/data/daily/YYYY/brdc). CDDIS also generates daily RINEX
V3 concatenated broadcast ephemeris files. The files are archived in the yearly brdc
subdirectory (https://cddis.nasa.gov/archive/gnss/data/daily/YYYY/brdc) with a
filename of the form BRDCOOIGS_R_YYYYDDDHHMM_O01D_MN.rnx.gz. The procedure for gen-
erating these files is similar to the V2 procedure in that site-specific, mixed V3 ephemeris
data files are merged into to a single file that contains the orbit information for all GNSS
satellites for the day. Users can thus download these single, daily (or hourly) files (in
both RINEX V2 and V3 formats) to obtain unique navigation messages, rather than
downloading multiple broadcast ephemeris files from the individual stations.

Beginning in 2022, the TUM/DLR team began providing to CDDIS a daily RINEX V4
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broadcast ephemeris file. These files are archived in the yearly brdc subdirectory (https:
//cddis.nasa.gov/archive/gnss/data/daily/YYYY/brdc) with a filename of the form
BRD40ODLR_S_YYYYDDHHMM_O1D_MN.rnx.gz.

CDDIS also archives a merged, multi-GNSS broadcast ephemeris file containing GPS,
GLONASS, Galileo, BeiDou, QZSS, and SBAS ephemerides. This file, generate by col-
leagues at the Technical University in Munich (TUM) and Deutsches Zentrum fir Luft
und Raumfahrt (DLR) from real-time streams, contains all the unique broadcast naviga-
tion messages for the day. The file, named BRDMOODLR_S_YYYYDDDOOOO_O1D_MN.rnx.gz, is
stored in daily subdirectories within the archive (/gnss/data/daily/YYYY/DDD/YYp) and
in a yearly top-level subdirectory (/gnss/data/daily/YYYY/brdc).

Creation of the merged GPS/QZSS LNAV and CNAV navigation file generated from
real-time streams with the naming convention BRDXOODLR_S_YYYYDDDHHMM_O1D_MN.rnx.
gz ceased at the end of 2021. Archival of these files using the RINEX V2 naming convention
which were stored in the MGEX campaign directories ended in the summer of 2020.

2.1.3 Supporting Information

CDDIS generates and updates “status” files, (/gnss/data/daily/YYYY/DDD/YYDDD.status
for RINEX V2 data and YYDDD.V3status for RINEX V3 data) that summarize the hold-
ings of daily GNSS data. These status files of CDDIS GNSS data holdings reflect timeli-
ness of the data delivered, as well as statistics on number of data points, cycle slips, and
multipath (for RINEX V2 data). The user community can thus view a snapshot of data
availability and quality by checking the contents of such a summary file.

2.2 IGS Products

CDDIS routinely archives IGS operational products (daily, rapid, and ultra-rapid orbits
and clocks, ERP, and station positions) as well as products generated by IGS working
groups and pilot projects (ionosphere, troposphere, real-time, MGEX). Table 3 below
summarizes the GNSS products available through CDDIS. CDDIS currently provides on-
line access to all IGS products generated since the start of the IGS Test Campaign in June
1992 in the file system /gnss/products; products from GPS+GLONASS data are avail-
able through this filesystem. Products derived from GLONASS data only continue to be
archived at CDDIS in a directory structure within the file system /glonass/products.

CDDIS also continues to archive combined troposphere estimates in directories by year
and day of year. Global ionosphere maps of total electron content (TEC) from the Iono-
sphere Map Exchange (IONEX) Associate Analysis Centers (AACs) are also archived in
subdirectories by year and day of year. Real-time clock comparison products have been
archived at CDDIS in support of the IGS Real-Time Pilot Project, and current IGS Real-
Time Service, since 2009.
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Table 3: GNSS Product Summary for 2024

Number of )
Product Type ACs/AACs Volume Directory

/gnss/products/WWWW

Orbits, clocks, ERP (GPS, GPS+GLONASS)

144 Combinations 5.2 GB/week

positions /glonass/products/WWWW
(GLONASS only)
N 3.8 MB/day,
Troposphere Combination 1.4 GB /year /gnss/products/troposphere/YYYY
o 8 MB/day, .
Tonosphere 7+Combination 2.9 GB /year /gnss/products/ionosphere/YYYY
MGEX 8 3.1 GB/week /gnss/products/WWWW

Note: WWWW=4-digit GPS week number; YYYY=4-digit year

Seven AACs — Center for Orbit Determination in Europe (CODE), GFZ Helmholtz Centre
for Geosciences (GFZ), Space Geodesy Team of CNES (GRG), Japanese Aerospace Explo-
ration Agency (JAXA), Shanghai Astronomical Observatory (SHAO), GLONASS Infor-
mation and Analysis Center (IAC), and International GNSS Monitoring and Assessment
System (iGMAS at Wuhan) generated weekly products (orbits, ERP, clocks, and others)
in support of MGEX; these AACs now utilize the “long” filename convention for their
products. These files are archived at CDDIS by GPS week (/gnss/products/WWWW).

Colleagues at DLR and the Chinese Academy of Sciences (CAS) provide a differential
code bias (DCB) product for the MGEX campaign. This product is derived from GPS,
GLONASS, Galileo, and BeiDou ionosphere-corrected pseudorange differences and is avail-
able in the bias Solution Independent Exchange (SINEX) format. DLR has provided
quarterly DCB files containing daily and weekly satellite and station biases since 2013
in CDDIS directory /gnss/products/biases; CAS provides files on a daily basis. Ad-
ditional details on the DCB product are available in IGSMAIL #6868 sent in February
2014 and IGSMAIL #7173 sent in October 2015. Both products use the RINEX V3 file
naming convention.

In late summer 2022, the IGS and the ACs began creating their GNSS products using the
RINEX V3 file naming convention. From GPS week 2222 through GPS week 2237, these
products were archived in the directory structure /gnss/products/WWWW/igs20 for testing
purposes. Starting with GPS week 2238 (November 27, 2022), CDDIS began archiving
these files in the operational subdirectories (/gnss/products/WWwWW). More information on
this file name transition is available in IGSMAIL #8238 sent in July 2022 and IGSMAIL
#8274 sent in November 2022.
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2.3 Real-Time Activities

CDDIS real-time caster has been operational since early 2015 in support of the IGS Real-
Time Service (IGS RTS). By the end of 2025, CDDIS caster broadcasts 36 GNSS product
and 375 data streams in real-time. The caster runs the NTRIP (Network Transport
of RTCM via Internet Protocol) format. A full updated listing of all the streams CD-
DIS provides can be found at https://www.earthdata.nasa.gov/data/space-geodesy-
techniques/gnss/ntrip-status.

CDDIS caster serves as the third primary caster for the IGS RTS, thus providing a more ro-
bust topology with redundancy and increased reliability for the service. User registration,
however, for all three casters is unique; therefore, current users of the casters located at
the IGS/UCAR and BKG are required to register through CDDIS registration process in
order to use CDDIS caster. More information about CDDIS caster is available at https://
www.earthdata.nasa.gov/data/space-geodesy-techniques/gnss/real-time-data.

CDDIS staff updated the caster to provide new 10-character mount point names for both
data and derived product streams, as per direction of the IGS Real-Time Working Group
(RTWG). The expanded mount point names align with the RINEX V3 naming convention
utilized within the IGS to accommodate multi-constellation data. CDDIS caster config-
uration was also updated to relay data streams from upgraded hardware and improved
BKG and Geoscience Australia casters. CDDIS staff also developed scripts to monitor and
report GNSS data streams with unusually high mean latencies (greater than 10 seconds).

CDDIS utilizes the EOSDIS Earthdata Login, for authenticating file uploads to its incom-
ing file server. Since the NTRIP-native registration/access software was not compatible
with NASA policies, CDDIS developed software to interface the caster and the Earthdata
Login within a generic Lightweight Directory Access Protocol (LDAP) framework. Access
to CDDIS caster requires that new users complete two actions: 1) an Earthdata Login
registration and 2) a CDDIS caster information form, providing the user’s email, institu-
tion, and details on their planned use of the real-time data. Following completion, the
information is submitted to CDDIS staff for the final steps to authorize access to CDDIS
caster; this access is typically available to the user within 24 hours.

2.4 Supporting Information

Daily status files of GNSS data holdings, show timeliness of data receipt and statistics on
number of data points, cycle slips, and multipath, continue to be generated by CDDIS
for RINEX V2 data; status files, with limited information, summarizing RINEX V3 data
holdings are also available. These files are archived in the daily GNSS data directories
and available through at URL https://cddis.nasa.gov/reports/gnss/status.

Other available ancillary information at CDDIS include daily, weekly, and yearly sum-
maries of IGS tracking data (daily, hourly, and high-rate, in both RINEX V2 and V3
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Table 4: GNSS Data Retrieval Summary

Data Type # of Files Volume

Daily 144 M 217 TB
Highrate 286 M 118 TB
Hourly 589 M 45 TB
Products 89 M 15 GB

formats) archived at CDDIS are generated on a routine basis. These summaries are ac-
cessible through the web at URL https://cddis.nasa.gov/reports/gnss. CDDIS also
maintains an archive of and indices to IGS Mail, Report, Station, and other IGS-related
messages.

3 System Usage

Summarizing the retrieval of GNSS data and products from the online archive in 2025,
Table 4 illustrates the number and volume of GNSS files retrieved by the user community
during the past year, categorized by type (daily, hourly, high-rate, products). Over 1.1
billion files (over 395 TBytes) were transferred in 2025.

4 Recent Developments

4.1 Updates to Archive Access

CDDIS has a large international user community; 150k registered users and over 230K
unique hosts accessed the GNSS files in the system in 2025. Today, users access CDDIS
archive through encrypted anonymous ftp and https.

Archive access through the https protocol utilizes the same NASA single sign-on system,
the EOSDIS Earthdata Login utility, as is used for the file upload and real-time caster user
authentication. Before using the https protocol to access CDDIS archive, new users must
initially access the webpage, https://cddis.nasa.gov/archive, to establish an account
and authorize access; this page will then redirect the user to the Earthdata Login page.
Earthdata Login allows users to easily search and access the full breadth of all twelve
EOSDIS DAAC archives. Earthdata Login also allows CDDIS staff to know our users
better, which will then allow us to improve CDDIS capabilities.

Once an account is established, the user has all permissions required to access CDDIS
archive using the https protocol, via a web browser or via a command line interface (e.g.,
through cURL or Wget) to script and automate file retrieval.
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In addition, ftp-ssl access, an extension of ftp using TLS (transport layer security), can be
used for scripting downloads from CDDIS archive. The ftp-ssl is the option most similar
to standard anonymous ftp. As with https, ftp-ssl will satisfy U.S. Government/NASA
requirements for encryption.

Examples on using these protocols, including help with the cURL and Wget commands,
are available on CDDIS website; users are encouraged to consult the available docu-
mentation including examples at: https://www.earthdata.nasa.gov/centers/cddis-
daac/archive-access.

4.2 Metadata Improvements

CDDIS continues to make modifications to the metadata extracted from incoming data
and product files pushed to its archive and implemented these changes in the new file ingest
software system. These enhancements have facilitated cross-discipline data discovery by
providing information about CDDIS archive holdings to other data portals such as the
EOSDIS Earthdata Search client and future integration into the GGOS portal. The staff
continues work on a metadata evolution effort, re-designing the metadata extracted from
incoming data and adding information that will better support EOSDIS applications such
as its search client and the metrics collection effort. CDDIS is also participating in GGOS
metadata efforts within the Bureau of Networks and Observations.

CDDIS continues to create and register Digital Object Identifiers (DOIs) to select IGS
collections (GNSS data and derived products). DOIs can provide easier access to CDDIS
data holdings and allow researchers to cite these data holdings in publications. Landing
pages are generated for each of the DOIs created for CDDIS data products and linked
to description pages on CDDIS website; an example of a typical DOI description (or
landing) page, for daily Hatanaka-compressed GNSS data files, can be viewed at: https:
//www.earthdata.nasa.gov/data/catalog/cddis-gnss-dly-30sec-hatanaka-obs-1.
DOIs have now been assigned to the majority of GNSS data and product sets archived at
CDDIS.

5 Future Plans

5.1 Website Migration

In response to requirements outlined in the 215' Century Integrated Digital Experience
Act (IDEA), NASA launched the Web Modernization Project to consolidate the agency’s
multitude of websites into nasa.gov or science.nasa.gov. NASA’s Earth Science Data
Systems (ESDS) Program followed suit and launched the Web Unification Project in
December 2021 to migrate all ESDS-funded web properties to earthdata.nasa.gov by the
end of 2026.
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Beginning in March 2025, updates took place on the public-facing CDDIS website. These
changes included the migration of the CDDIS website (including cddis.nasa.gov) to
the Earthdata website (earthdata.nasa.gov/centers/cddis-daac). By July 2025, all
content from the CDDIS website was migrated over to the Earthdata website.

These changes will only affect the user interface that accessed CDDIS information and
web content. The paths for finding and downloading data within the CDDIS archive will
not change (located at https://cddis.nasa.gov/archive; Earthdata Login required to
access). CDDIS will do everything possible to ensure that users have a seamless transition
during this migration.

This effort is NASA’s approach to improve data discoverability and data findability and
build efficient pathways for data users to access data and information from all of NASA’s
DAAC:.

5.2 Real-Time Activities

CDDIS will continue to add real-time data and product streams to its operational caster
in support of the IGS RTS. CDDIS continues to review the implementation of software to
capture real-time streams for generation of 15-minute high-rate files for archive.

6 Contact Information

To obtain more information about CDDIS IGS archive of data and products, contact:

Patrick Michael, Email: Benjamin.P.Michal@nasa.gov
Manager, CDDIS

web: https://cddis.nasa.gov
Code 61A
NASA GSFC
Greenbelt, MD 20771
Phone: (301) 614-5370
Fax: (301) 614-6015

General questions on CDDIS, archive contents, and/or help using the system, should be
directed to the user support staff at: support-cddis@earthdata.nasa.gov.
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1 Introduction

The GNSS Science Support Centre (GSSC) is the GNSS data preservation and exploitation
environment provided by the ESA Science Navigation Operations Section in support to
the IGS and the international geodetic scientific community.

The [GSSC]| hosts:
e a large GNSS data repository, the GSSC Archive;
e a Digital Platform for GNSS data exploration, GSSC Now;
e data analysis features, GSSC Now Datalabs; and,
e ESA’s online GNSS knowledge base, Navipedia.

As an IGS Global Data Centre (GDC), the GSSC contributes to GNSS data archiving and
dissemination. Along the IGS Data Centres Charter, the GSSC collaborates with other
IGS Data Centres and Analysis Centres to provide free and worldwide access to IGS data
and products.
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2 GSSC Archive

2.1 GSSC Archive Content

The GSSC Archive primarily consists of data collected from other geodetic Data Cen-
tres, ensuring data redundancy, long-term preservation and enhanced global accessibility.
This redundancy strengthens the resilience of the global geodetic infrastructure by min-
imizing the risk of data loss and ensuring continuous access in case of network or server
disruptions.

Currently, the GSSC implements a mirroring scheme to retrieve data from other geodetic
Data Centres, ensuring that GSSC repository contains primarily GNSS data and prod-
ucts, but since October 2025, across all four geodetic techniques (GNSS, SLR, VLBI and
DORIS). The files are sourced from the geodetic Data Centres indicated in Table

Geodetic Technique Data Source Repositories
Crustal Dynamics Data Information System (CDDIS)
GNSS Bundesamt fiir Kartographie und Geodésie (BKG)
Institut Géographique National (IGN)
SLR Crustal Dynamics Data Information System (CDDIS)
DORIS Crustal Dynamics Data Information System (CDDIS)
VLBI Observatoire de Paris (OPAR)

Table 1: GSSC data sources for the four geodetic techniques

In most cases, the GSSC ingests assets by automatically pulling files directly from remote
source repositories. Although this process runs through fully automated scheduled jobs,
GSSC operators can manually trigger these jobs when necessary. Each download job is
configured according to a pre-defined execution schedule and the time window it scans, as
detailed in Table 2 (IGS Data) and Table 3 (IGS Products).

As shown in Figure | GSSC Storage Trend of IGS Data and Products below, the volume
of the different IGS datasets hosted at GSSC keeps growing steadily.

The GSSC Archive provides access to more than 270 million of IGS assets (data and
products files), as depicted in Table

2.2 GSSC Archiving Concept

During ingestion, the GSSC Now software retrieves the list of files at the remote path, fil-
ters the list, downloads the selected files, moves them into the appropriate GSSC directory
and submits each file for processing.
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IGS data Source Schedule Scans GSSC DB
type
Daily GNSS CDDIS Every hour Last 24 hours
Sunday and Last 7 days CDDIS CORS
Wednesday
Twice a month  Previous month
on 1t and 15
Daily GNSS BKG Every hour Last 24 hours BKG CORS
Daily GNSS IGN Every hour Last 24 hours IGN CORS
Merged site CDDIS Every hour Last 24 hours
navigation files Sunday and Last 7 days CDDIS CORS
Wednesday
Twice a month  Previous month
on 15 and 15t
Hourly GNSS CDDIS Every hour Last 24 hours
Sunday and Last 7 days CDDIS CORS
Wednesday
Twice a month  Previous month
on 15 and 15t
High rate CDDIS Every hour Last 24 hours
GNSS data Sunday and Last 7 days CDDIS CORS
Wednesday
Twice a month  Previous month
on 15 and 15t
High rate BKG Every hour Last 24 hours
GNSS data Sunday and Last 7 days BKG CORS
Wednesday

Twice a month
on 15t and 15t®

Previous month

Table 2: IGS Data Storage in GSSC Archive and Ingestion Parameters

Furthermore, the system regularly checks for gaps between the source repository and the
GSSC repository. If any discrepancy is detected, a dedicated downloader is launched to
retrieve the missing data.

In addition to the mirroring functionalities, the GSSC has also the capability to get data
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IGS product Source Schedule Scans GSSC DB
type
Orbits, clocks, CDDIS Twice a day at  Last 24 hours
ERP 11 and 23
positions Sunday and Last 7 days CDDIS CORS
Wednesday
Twice a month  Previous month
on 1% and 15t
MGEX CDDIS Twice a day at ~ Last 24 hours
products 11 and 23
Sunday and Last 7 days CDDIS CORS
Wednesday
Twice a month ~ Previous month
on 1%¢ and 15t
Ionosphere CDDIS Twice a day at  Last 24 hours
11 and 23
Sunday and Last 7 days CDDIS CORS
Wednesday
Twice a month  Previous month
on 1% and 15
Differential CDDIS Twice a day at  Last 24 hours
Code 11 and 23
Biases Sunday and Last 7 days CDDIS CORS
Wednesday
Twice a month  Previous month
on 15 and 15"
Troposphere CDDIS Last 24 hours
Sunday and Last 7 days CDDIS CORS
Wednesday

Twice a month
on 15t and 15"

Previous month

Table 3: IGS Data Products Storage in GSSC Archive and Ingestion Parameters

directly uploaded into the GSSC repository by accredited contributors. This ingestion
mechanism is already in place for some GNSS datasets of different ESA space missions
and projects, but also to get IGS products from IGS Analysis Centres such as the ESA
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IGS Data and Products Storage
80,000

60,000

Sl

Q1 2023 Q2 2023 Q3 2023 Q4 2023 Q1 2024 Q2 2024 Q3 2024 Q4 2024 Q1 2025 Q2 2025 Q3 2025 Q4 2025

Storage Usage (GB)

M IGS High Rate Data M IGS Daily Data IGS Hourly Data IGS Products

Figure 1: GSSC Storage Trend of IGS Data and Products

Data Format Nb. Files
RINEX 2 >154 M
RINEX 3 >104 M
RINEX 4 >1 M
Data Type Nb. Files
IGS Hourly Files >135 M
IGS Daily Files >73 M
IGS High-rate Files >18 M
Products Nb. Files
IGS Products >4 M
Others Nb. Files
IGS Stations logs, SINEX... >38 M

Table 4: Number of IGS Assets in GSSC Archive

Navigation Support Office. In both cases, i.e. the data mirroring mechanism and the
data upload by designated GSSC contributors, the GSSC Now Software handles metadata
extraction. Each file added into the GSSC repository is processed to extract its metadata,
which is then indexed and used to enable the users faceted search in GSSC Now.

Whereas the genuine IGS GDC repository still lies at the heart of the GSSC, its content has
been expanded to include datasets from supplementary GNSS ground networks, relevant
scientific services, GNSS receivers onboard spacecrafts and ESA experiments.
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2.3 GSSC Archive Access

The GSSC offers various access methods to its [datasets| including FTP, SFTP, HTTPS,
the NTRIP Caster and a REST API.

2.3.1 GSSC FTP/SFTP

The GSSC FTP and SFTP servers are both accessible using the hostname "gssc.esa.int".
The FTP server operates on port 21, while the SFTP server uses port 2200. Public users
can log in to either server by entering "anonymous" as the username and leaving the pass-
word field blank. These interfaces allow anonymous users to perform read operations.

Additionally, the GSSC provides an [FTP Web Client|, where public users can also log in
by entering ‘anonymous’ in the Account field and leaving the Password field empty.

2.3.2 GSSC FTP/SFTP Data Download

As shown in Figure 2 below, the volume of the different IGS datasets downloaded from
GSSC benefits the worldwide scientific community.

10000100000
B 100010000

W 001000
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B 0100000-1.000000
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Figure 2: Download volumes of IGS files via GSSC FTP in 2025 (GB)

The volume of the different IGS datasets downloaded from GSSC, predominantly IGS
Daily assets, has drastically increased over the last 2 years, as shown in Figure 3
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Figure 3: Number of downloads of IGS files via GSSC FTP since 2022

2.3.3 GSSC Now Portal (HTTPS)

The [ESA GSSC Portal| provides a secure HTTPS-based web interface through which
registered GSSC users can access a variety of services and data tools.

2.4 GSSC CASTER

The GSSC provides real-time GNSS data streaming through the NTRIP protocol (Net-
worked Transport of RTCM via Internet Protocol). At GSSC, users connect with an
[NtripClient| to the caster at using credentials obtained from the |[GSSC Helpdesk|.

2.5 GSSC API

The GSSC Archive exposes a RESTful API for data access and management. The follow-
ing sections provide the requirements, usage instructions, and example scripts to interact
with GSSC services. The full [GSSC API documentation| is publicly available.
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3 GSSC Now: ESA’s GNSS Science Data Exploitation
Platform

3.1 GSSC Now

[GSSC Now]| is the digital platform that allows GSSC users to browse, download and
analyse data from the GSSC data repositories. GSSC Now currently runs as a public
fully operational version. Some GSSC Now features like multiple downloads or access to
a private workspace area are only available upon [registration]|.
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Figure 4: GSSC Now - Explorer View

The GSSC Now offers access to more than 270 million of IGS assets (data and products
files). Most of the data is publicly available to scientific researchers and the overall GNSS
community through the GSSC Now digital platform, whereas some datasets are under
a moderated access policy. Users can browse and retrieve GNSS and related datasets
directly through the portal, which provides metadata-based search with faceted filtering,
allowing users to locate datasets using criteria such as time, satellite system, region or
product type, among others.

3.2 GSSC Datalabs

From the same interface, users can also launch the GSSC Datalabs environment, which
supports interactive analysis and visualization of selected datasets and offers tools for

210


https://gssc.esa.int/portal/
https://gssc.esa.int/register/

4 GSSC Adoption of the IGS Data Centre Charter

processing, plotting and exploring GNSS data. Results generated during Datalab sessions
can be saved to a personal workspace that serves as persistent storage for analysis outputs,
plots and processed files. In addition, users can upload their own assets to the GSSC Now
platform, with storage capacity of up to 10 GB.
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Figure 5: GSSC Datalabs Overview

4 GSSC Adoption of the IGS Data Centre Charter

The International GNSS Service (IGS) Infrastructure Committee (IC) issued the Charter
for IGS Data Centres in May 2025, defining the roles and responsibilities of Data Centres
and Regional Data Centres. As GSSC was designated as an official IGS Global Data
Center in 2018, this Charter is considered an applicable document to GSSC.

Current GSSC efforts focus on fully meeting all IGS requirements by implementing the
necessary changes and updating the GSSC Now software. The internal assessment of the
current level of compliance with IGS needs is shown in Table 5.
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Data Collection and Holding Status

Data ingestion from Operational Data Centres supported
Products ingestion from Analysis Centres supported
Mirroring of other Data Centres supported
Various latencies supported
Various formats supported
Various format versions supported
Plain/compressed files supported
Products/data supported
Versioning supported
Data Dissemination and Performance Status

Scalability supported

Redundant infrastructure and data replication

High availability

Low latency data dissemination
Data access control

Intrusion detection control

Traffic management

to be addressed
continuously improved
to be addressed
supported

on-going implementation

continuously improved

Data consistency supported

Integrity continuously improved
Monitoring and Analytics supported

Data Archiving Status

Long-Term Storage supported

Metadata extraction supported

Quality Control Status

Quality assurance for incoming data
Detect and flag metadata inconsistencies
Quality checks on RINEX files

on-going implementation
on-going implementation
to be addressed

Security and Compliance Status
Multi-Factor Authentication to be addressed
Role-Based Access Control supported

Data Encryption
Security Update/Patch Management
Monitoring and Analytics

to be addressed
continuously improved

on-going implementation

User Support supported
Continuous Improvement supported
Reporting supported

Table 5: IGS Data Centre needs and implementation status at GSSC
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5 GSSC 2025 Highlights

The GSSC continues to consolidate and operate its services to the international GNSS
users’ community through the expansion of its GNSS data archive and exploration plat-
form.

The number of accesses to the IGS datasets hosted at GSSC, as well as the download
volumes of IGS data and products, keeps growing steadily. GSSC currently hosts 270
million of IGS data and products, collected from IGS Regional Data Centres, other IGS
Global Data Centres and from IGS Analysis Centres, such as the ESA Navigation Support
Office, providing access to IGS assets all around the world.

In 2025, the GSSC adopted the IGS DC Charter as an applicable document and translated
the IGS needs into the GSSC Now Software Requirements Baseline, identifying their
implications in terms of e.g. data availability, scalability, storage, metadata handling,
security, quality. Their implementation within GSSC is planned for 2026.

The GSSC data archiving and distribution functionalities keep supporting the ESA Nav-
igation Support Office in its IGS data processing role and responsibilities: indeed, the
year 2025 marked a milestone for GSSC with the ESA Navigation Support decision to
fully rely on the GSSC for geodetic long-term data archiving. Therefore, since October
2025 the GSSC Archive has incorporated new datasets for the DORIS and VLBI geodetic
techniques, while continuing to expand its GNSS and International Laser Ranging Service
(ILRS) collections. DORIS and VLBI data are ingested into the GSSC Archive by mirror-
ing Data Centres operated by the International Doppler Orbitography by Radiopositioning
Integrated on Satellite Service (IDS) and International Very Long Baseline Interferometry
Service (IVS), respectively.

Major progress was made on the GNSS Now Digital Platform, with three new versions
throughout the year 2025. These updates brought reliability and performance optimiza-
tions, new features and stability improvements. These accomplishments were possible
through the dedicated efforts and close collaboration of the teams from ESA, GMV and
Starion.

The GSSC started its data archiving and distribution role in the ESA GENESIS mission,
detailing its interface with the global scientific community, while exchanging with the
ESA Navigation Support Office in its GENESIS science data processing role. After their
approval at ESA Council at Ministerial level, this role will extend to other ESA Navigation
missions like Novamoon.

Engagement with the GNSS community was strengthened through the release of the
Navipedia contribution capabilities and regular news updates. Furthermore, the GSSC
was represented in different prominent international forums, including the European Geo-
sciences Union General Assembly 2025 and the United Nations International Committee
on Global Navigation Satellite Systems, Korea. Finally, new collaborative ties were also
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pursued with educational institutions, industry stakeholders, and research organizations.

6 GSSC Evolution

The GSSC 2026 priorities aim at further adapting the infrastructure and processes to meet
the requirements of the first version of the Charter for IGS Service Data Centres.

In support of the ESA Navigation Support Office analyse Centres role, the GSSC will also
evolve its Archive to support Earth Orientations Parameters data and products.

The GSSC Now digital platform will further align with user needs to support the archiving
and distribution of the ESA GENESIS mission data.

The GSSC will develop Quality Services in line with the requirements of the IGS Data
Centre Charter and plans to implement them throughout 2026.
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1 Introduction

Since 2015, Wuhan University has served as an IGS Global Data Center, dedicated to
supporting global users, with a particular focus on the Chinese community, for both post-
processing and real-time applications. The WHU Data Center (WHU DC) archives and
provides access to GNSS observations from all IGS and MGEX network stations, along
with various IGS products.

In addition to releasing routine IGS data and products like the CDDIS DC, the WHU DC
also publishes specialized products computed by the Wuhan University Analysis Center,
such as bias products, hourly orbit and clock products, real-time ionospheric products,
and more.

2 Access of WHU Data Center

In order to ensure a more reliable data flow and a better availability of the service, two
identical configurations with the same data structure have been setup in Alibaba cloud
and Data Server of Wuhan University. Each configuration has:

e FTP access to the GNSS observations and products
(ftp://igs.gnsswhu.cn/).

e HTTP access to the GNSS observations and products
(http://www.igs.gnsswhu.cn/).
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3 GNSS Data & Products of WHU Data Center

The WHU Data Center contains all the regular GNSS data and products, such as naviga-
tional data, meteorological data, observational data, and products.

e Navigational data: daily and hourly data
(ftp://igs.gnsswhu.cn/pub/gps/data)

e Observational data: daily and hourly data
(ftp://igs.gnsswhu.cn/pub/gps/data)

e Products: orbits, clocks, Earth Rotation Parameters (ERP), and station positions,
ionosphere, troposphere
(ftp://igs.gnsswhu.cn/pub/gps/products)

In addition to the IGS operational products, WHU data center has released ultra-rapid
products updated every 1 hour and every 3 hours (ftp://igs.gnsswhu.cn/pub/whu/MGEX/)

from the beginning of June 2017. The ultra-rapid products include GPS/GLONASS/BDS/Galileo
satellite orbits, satellite clocks, and ERP for a sliding 48-hr period, and the beginning/ending
epochs are continuously shifted by 1 hour or 3 hours with each update. The faster updates

and shorter latency should enable significant improvement of orbit predictions and error
reduction for user applications.

WHU data center started to provide multi-GNSS rapid phase bias products in the bias-
SINEX format along with self-consistent orbit, phase clock, code biases and attitude
quaternion products since September 2021, and the products are traced back to the begin-
ning of 2020 (ftp://igs.gnsswhu.cn/pub/whu/phasebias/). Five GNSS are included in
our products: GPS, GLONASS, Galileo, BDS and QZSS.

The WHU RT GIMs also are accessible via Wuhan Real Time Data Center (http://
ntrip.gnsslab.cn) with Mountpoint IONOOOWHUO and Wuhan Data Center (ftp://
igs.gnsswhu. cn/pub/whu/MGEX/realtime-ionex) in IONEX format.

4 Monitoring of WHU Data Center

Since 2024, we have revamped and upgraded our data center’s FTP and service websites,
with data storage and FTP services both deployed on Alibaba Cloud Storage.

WHU Data Center provides data monitoring function to display log information such
as online user status, the arrival status of data and products, and the status of user
downloading in real time. It can display real-time data downloading and data analysis
related products graphically, with real-time information on online user status and product
accuracy.

In order to ensure the integrity of the observation data and the products, we routinely
compare the daily data, hourly data and products with those in CDDIS. If one data
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4 Monitoring of WHU Data Center

Access Monitoring 2|

303 439
Online Users Downloads

File Download Statistics 2|

File Download Access Log E

No. 1P Address File Name Date Time Path

1 120943213 BRDMOODLR S 20260390000 01D_MN.mx.gz 2026-2-9 20:24:47 9 BROMOODLR S ).01D_MN.mxgz
2 36.135.38.45 GFZOMGXRAP_20260320000_01D_05M_ORB.SP3.g2 2026-2:9 20:17:53 X .01D_05M_ORB.SP3.g2
3 36.135.38.45 GFZOMGXRAP_20260330000_01D_05M ORB.SP3.g2 2026-2-9 20:17:49 ¥ .01D_05M ORB.SP3.g2
4 361353845 GFZOMGXRAP_20260350000_01D_05M ORB.SP3.g2 2026-2-9 20:17:41 ¥ ) 01D_05M_ORB.SP3.g
5 361353845 GFZOMGXRAP_20260360000_01D_05M ORB.SP3.62 2026-2-9 2017:35 . ) 01D_05M_ORB.SP3.92
6 36.135.38.45 GFZOMGXRAP_20260380000_01D_05M ORB.SP3.02 2026-2-9 20:17:32 X ) 01D_05M_ORB.SP3.gz

Figure 1: Website download statistics.

file is missing, we will redownload it from CDDISs. Figure 2 shows the status of daily
observation.

DATATYPE @ Daily RINEX (d) O Daily RINEX (o)

YEAR OF DATA 2025 v m

2025-1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

FTPFILES 595 603 602 599 601 605 602 604 606 597 596 599 587 585 592 593 601 589 588 595 581 593 593 598 594 595 600 598 601 215 596

OSSFILES 611 619 618 615 617 620 620 620 622 610 612 618 605 601 717 720 718 714 711 719 701 707 718 703 710 716 721 722 724 737 720

o o O on
p— (2] B

2025-2 1 2 5] 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 = = =
FTPFILES 595 588 599 599 597 590 591 575 592 586 597 597 580 550 565 566 582 604 612 588 584 580 605 602 607 609 610 608 - - -

OSSFILES 714 718 732 725 726 719 716 695 722 719 722 729 691 653 668 670 689 728 742 735 745 745 747 732 - - -

LOSTFILES 288 --
wwona. ) i oo o

Figure 2: Data and products monitoring of WHU data center.
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E. Wiesensarter, A. Stiirze, A. Riilke

Federal Agency for Cartography and Geodesy (BKG)
Frankfurt am Main, Germany

1 Introduction

Since more than 25 years BKG is contributing to the IGS data center infrastructure oper-
ating a regional GNSS Data Center (GDC). BKG’s GDC is also serving as a data center for
the regional infrastructure of EUREF as well as for national infrastructure or for specific
projects. Two types of data and products are handled in the GDC: file-based (section 2)
and real-time (section 3) data and products. Since 2004, BKG is operating various entities
for the global, regional and national real-time GNSS infrastructure. The development of
the basic real-time components has been done independently from the existing file-based
data center. The techniques behind, the user access etc. were completely different from
the existing file-based structure. Moreover, operation of a real-time GNSS service de-
mands a much higher level of monitoring than it is necessary in the post-processing world,
where for example RINEX files can be reprocessed the next day in case of an error. The
core real-time infrastructure is running independently from the file-based infrastructure.
However, there are several common features and interfaces like site log files, skeleton files,
and high-rate files. Therefore, the BKG GDC serves as the single point of access to the
public and merges all kind of GNSS data and products, e.g. via one web interface.

2 GDC File Archive

2.1 Infrastructure

Since many years, BKG‘'s GDC is running on several virtual machines placed at BKG’s
premises. It consists of a file server, a database server and an application server dedicated
to data processing and web access. All relevant parts of BKG’s GDC are backed-up on a
daily basis.
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2.2 Access
Access to the file-based data center is possible via FTP, HT'TPS and web interface. The
web interface allows the following activities:

e Full “Station List” with many filtering options and links to meta data

e File browser

e Search forms for RINEX files as well as for any file

e Availability of daily, hourly and, to a limited extent, high-rate (i.e. 1Hz) RINEX
files

e Interactive map allowing condensed information about each station

A processing monitor informs about the average time needed to process a single RINEX
file and the amount of RINEX files stored daily or hourly. Changes in the processing
software or system hardware are indicated as well.

As the FTP protocol has security weaknesses, support for F'TP uploads has already been
switched off at an earlier stage, and users are encouraged to use the HI'TPS protocol for
downloading files.

2.3 GNSS Data & Products

The BKG GDC contains all the regular GNSS data, as there are

e navigational data, meteorological data, and observational data,
e in RINEX v2 (Rx2), RINEX v3 (Rx3) and RINEX v4 (Rx4),
e daily, hourly and high-rate data

of approximately 967 (with national stations 1.643) globally distributed stations, roughly
half of them belonging to the IGS network.

The directory structure applied by BKG is related to projects, i.e. within the “Data Access”
a user will see IGS, EUREF, GREF, MGEX directories plus some other or completed
projects. The main sub-directories for the projects are

e BRDC for navigational data,
e highrate for sub-hourly 1Hz data,
e nrt (near real-time) for 30 seconds hourly data,

e obs for daily data.

Since at the beginning of storing Rx3 files the standard short file names were identical to

188



2 GDC File Archive

those containing Rx2, BKG decided to introduce parallel sub-directories with the extension
_v3 for storing files with the short names. After the introduction of the long file names in
the IGS for the Rx3 files, Rx2 and Rx3 files could be stored both in the obs sub-directory
and sub-directories with extensions were obsolete.

In 2022, BKG started to store RINEX v4 (Rx4) files. For the test phase, the files were
stored in a separate directory obs_v4. The files were mainly coming from DLR and GFZ.
In 2023, BKG followed the IGS guidelines for finally storing the Rx4 files in the legacy
directories. Since then, still only a few numbers of stations started providing Rx4 files.
The majority of them are coming from conversion, not directly from the receiver.

Additionally, BKG is providing some IGS products by mirroring from other IGS data
centers, mainly from the CDDIS. Each project has some additional sub-directories: prod-
ucts, reports, and stations. For specific projects, more sub-directories might have been
introduced.

BKG, as a partner of the CODE consortium, is also providing, as a mirror, several meta
data of the Bernese GNSS Software (BSW), version 5.4, in a specific sub-directory IGSac.

2.4 Monitoring

Routinely data-checks are performed for all incoming files. The files are processed through
several steps, see Goltz et al. (2017) for details. An “Error Log” page on the web interface
gives valuable information especially to the data providers how often and for what reasons
a file was excluded from archiving, see https://igs.bkg.bund.de/file/errors.

On the “Station List” page https://igs.bkg.bund.de/stations a user or a data provider
can see the completeness of the most recent data. You can also see some simple positioning
time series for each station which is part of the EUREF or GREF network.

2.5 Usage Statistics

25.4 million files are stored in the GDC at the end of 2025, with an overall archive size
of 48.0 TB. We are facing with approx. 80.000 uploads and 700.000 downloads per day.
There was no noteworthy difference in the number of downloaded files with respect to
2025. Approximately 1.000 different users did visit the GDC websites per day.

In 2025, the GDC experienced only few short-term outages, usually due to interruptions
in the IT.

2.6 Policy

BKG GDC has to strictly follow the European Union’s General Data Protection Regulation
(GDPR). As a consequence, it was agreed in the wider GNSS community to introduce,
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if not already applied, generic names and emails in the publicly available files. These
changes are ongoing in cooperation with, e.g. the EPN Central Bureau.

3 GDC Real-Time Streaming

3.1 Infrastructure

The development of the broadcaster technology and its usage for GNSS was mainly driven
by BKG. It is originally based on the ICECAST technology and adapted for GNSS data
(Weber et al.; 2005). Information on the use of real-time data, such as registration and
software, can also be found on the GDC homepage. Since 2008, BKG is offering the
so-called Professional Ntrip Caster which is used by many organizations and companies
around the globe and which is updated and continuously improved. BKG is maintaining
various broadcasters for global, regional and national purposes (IGS, EUREF, GREF,
other projects). BKG’s casters are still hosted by an external service provider and main-
tained by BKG staff. Similar to the file-based infrastructure — or even more important —
is the aspect of redundancy. The redundancy concept for real-time streaming on the data
center’s side is realized in different ways. For example, the various casters are installed on
different virtual machines at the service provider, so if one machine fails not all real-time
streams are interrupted at the same time.

3.2 Access

The access to the GDC broadcasters is possible with many commercial or individual
tools. One software tool for easy access to the various IGS resources is the BKG Ntrip
Client (BNC, Weber et al., 2016). Since BNC has been developed in parallel and close
connection to the Professional broadcaster development, it is perfectly suited to the open
IGS infrastructure.

3.3 GNSS Data & Products

As mentioned before, BKG is maintaining different casters (status end of 2025):

e On the IGS caster (http://igs-ip.net) approx. 400 data streams in RTCM3.0/
1/2/3 format are provided. The majority is in 3.2/3.3 Multiple Signal Message
(MSM) format. There are still two streams available in the old RTCM 2.3 format
(BOR100POLO, DAEJOOKORO). All streams are provided with long mount-point

names.

e On the EUREF caster (http://euref-ip.net) approx. 230 data streams in RTCM3.
0/1/2/3 format provided. There are still four streams available in the old RTCM 2.3
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format (BOR100POLO, ROVEOOITAO, UNPGOOITAO, UNTROOITAO).

e On the PRODUCTS caster (http://products.igs-ip.net) approx. 100 data streams
in RTCM3 format as well as in the IGS-SSR format, provided from various organiza-
tions. Most of these streams are containing satellite clock & orbit corrections. Some
of them are providing in addition Observable-specific Signal Biases (OSB) as well
as VTEC information. Furthermore, there is a low number of product data streams
containing ionosphere information only, and two product streams containing OSB
information only. To provide real-time access to broadcast ephemeris, there are var-
ious streams available, which carry only ephemerides data sets. Therefore, incoming
ephemerides are checked for errors and inconsistencies and then merged, encoded
and uploaded to Ntrip broadcasters with a high repetition rate.

The information on the meta-data (e.g. format, message types, sampling rates, receiver
type) can be found in the source-table of each caster. Former caster MGEX has been
closed during 2025. More information can be found at https://software.rtcm-ntrip.
org/wiki/Sourcetable.

3.4 Monitoring

BKG is monitoring the availability of the data streams of its casters using a dedicated
web page (https://bkgmonitor.gnssonline.eu). Color-coded, the monitor shows the
availability of each data stream, the duration since the last interruption, the percentage of
outages per day and month as well as the number of connections per day and month. In
addition, one can investigate a table for each data stream showing the history of outages,
interesting for users looking for data streams with as much as possible un-interrupted
availability.

The IGS RTS provides access to real-time precise products such as orbits, clocks, code
and phase biases, which can be used as a substitute for ultra-rapid products in real-
time applications. The true performance of these products can be monitored by the
daily statistics derived from the comparison with IGS rapid products. The current RTS
product monitoring is based on comparisons performed by the RTACC at BKG. In order to
satisfy high demands on availability and reliability, the RTACC also provides two combined
multi-GNSS product data streams: SSRA02IGS/SSRC02IGS (GPS, GLONASS, Galileo) and
SSRA03IGS/SSRCO3IGS (GPS, GLONASS, Galileo, BeiDou). As part of the Center for
Orbit Determination in Europe (CODE) BKG has access to high resolution CODE rapid
products, which can be processed to perform such comparisons. Hence, the IGS Analysis
Center CODE rapid products for GPS, Galileo and GLONASS with a time resolution of
30 seconds are used for monitoring and comparison purposes. Several monitoring results
are delivered for the official RT'S Web page https://igs.org/rts/monitoring/.

An indirect verification of the individual RT AC results as well as of the combina-
tion results is performed by their application to various precise point positioning strate-
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gies in real-time (https://igs.bkg.bund.de/ntrip/ppp). This is done e.g. using the
GPS+GLONASS-+Galileo+Beidou observations of our GREF station FFMJO1DEU but with
IGS stations as well.

3.5 Usage Statistics

While there is still anonymous download for the file-based data, a registration is necessary
for accessing real-time data (https://register.rtcm-ntrip.org/cgi-bin/registration.
cgi). Since 2008, when starting with the registration on an operational basis, the request
for registration for BKG’ casters has been stable on a high level of more than 600 requests
per year (see Figure 2) but increasing since the last years to more than 1200 per year.
Many of such registrations show up for a small amount of time only. Nevertheless, the
number of so-called listeners, i.e. the requested data streams in parallel, reaches more than
6800 from approx. 200 different users during a typical day and is quite stable. Figure

shows the requests to the caster visualized by the daily bandwidth which is constantly
increasing over the last decade, in particular for the operational IGS caster after 2019.
To balance between the various IGS broadcasters and to keep the increase of the number
of listeners and the amount of downloading at BKG small, requests for registration com-
ing from a region where other IGS casters are running, are redirected to the respective
providers.

After BKG’s casters moved to the new virtual servers in June, a discontinuity in the
workload became apparent. This was caused by a caster software bug, that had no effect
on the old servers. Meanwhile, this bug has been fixed and a new release of the caster
software has been created.

3.6 Caster Software
Since July 2024, BKG as the provider and publisher of the Professional Ntrip Caster

changed its policy and started offering the caster software without fee, resulting in a
significant increase of requests for getting the Caster software.
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Figure 1: Average daily bandwidth of the BKG Broadcasters from 2015 to the end of 2025
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1 Introduction: Mandate and Scope of the Antenna
Committee (AWG)

The IGS Antenna Committee (AWG), formerly known as the Antenna Working Group,
develops, curates, and disseminates antenna phase center offset (PCO) and phase variation
(PV) models for GNSS satellites and ground receivers within the International GNSS Ser-
vice (IGS) framework. In this role, the AWG manages the relevant receiver and satellite
antenna models used in routine processing by the IGS, assists the IGS Network Coordina-
tor in maintaining, validating and distributing the relevant model and metadata files, and
establishes common rules and recommendations for model content, updates, calibration
infrastructure and antenna mounts. The AWG ensures:

e Methodological consistency and traceability of calibrations across different tech-
niques (field, robot, chamber);

e Coordination with IGS working groups and analysis centres regarding updates, con-
ventions, and metadata guidelines;

e Timely communication of changes that may affect analysis results and user opera-
tions;

o Management of IGS antenna model files, including recommendations, change control
procedures, versioning, and update schedules;
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e Definition of requirements and acceptance criteria for calibration facilities and up-
dates (approved methods, documentation standards, and uncertainty reports).

Key outcomes include IGS 20 ANTEX releases with newly introduced/retired antenna
entries, and implementation progress on the IGS ANTEX 2.0 migration. Finally, the ring
calibration campaign has been finished in 2025.

2 Maintenance of IGS ANTEX Files

The AWG manages the IGS 20 ANTEX repository and consolidated files used by the
IGS community and external users. Our core activities include adding new antennas with
GNSS calibration values, including updated and retrofitted antennas (with new LNAs as
new devices).

In 2025, in collaboration with the IGS Network Committee, 79 changes were made to
the rcr_ant.tab file, which were also incorporated into the central IGS ANTEX file.
In general, the new antenna entries are mostly limited to devices that meet the IGS
reference station criteria, i.e. typical geodetic antennas. However, as the IGS ANTEX file
is becoming standard in the GNSS community, more and more requests from companies for
consumer-grade devices are being processed, keeping the workload high. Future concepts
are to be developed here to ensure improved and efficient processing of the data.

During the year 20025 following model changes have been made to the igs20.atx:
1. processed 40 new receiver antenna calibrations;

2. added 19 satellite entries including new satellite antenna entries and constellation
changes;

3. issued eleven ANTEX 1.4 releases (GPS weeks: 2343, 2350, 2353, 2354, 2356, 2360,
2361, 2370, 2375, 2385, and 2388).

4. issued corresponding ANTEX 2.0 releases (cf. Section 3) as separated files for satel-
lite and receiver antennas.

Distribution IGS 20 antenna models using ANTEX version 1.4 and 2.0

We have converted the official igs20.atx file to the new format and will update both formats
in parallel. To simplify handling and version control, the new ANTEX 2.0 distribution is
divided into separate files for satellites and receiving antennas. For satellites, the reference
origin remains at the centre of mass (COM). The latest version are available at:

e ANTEX 2.0 format

— https://files.igs.org/pub/station/general/igs20_sat.atx2.gz
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3 ANTEX 2.0

— https://files.igs.org/pub/station/general/igs20_rcv.atx2.gz
e ANTEX 1.4 format
— https://files.igs.org/pub/station/general/igs20.atx.gz

All changes will be published in both versions, the old 1.4 and new 2.0 formats, to ensure
a smooth transition in the application software and processing pipelines.

3 ANTEX 2.0

After several years of discussion within the community, led by the German Aerospace
Center (DLR), the AWG has accomplished the release of the new ANTEX 2.0. After
iterating with the AWG community, the final draft was presented to the IGS Governing
Board during the December 2025 meeting and has been officially accepted. With that
step, the ANTEX 2.0 format has become an official IGS standard.

The ANTEX 2.0 format can be accessed at the following address : https://files.igs.
org/pub/resource/working_groups/antenna/ANTEX20.pdf (Montenbruck et al., 2025)

Key changes

ANTEX 2.0 introduces structural and metadata-related improvements that aim to sepa-
rate satellite identification from antenna modeling, reduce duplication, and support ad-
ditional flexibility such as multiple antennas per satellite. Additionally, the format was
extended to support group variations and allowing the allocation of patterns to various
frequencies in order to avoid duplications:

e Separating satellite antennas from PRN assignments. The SVN/PRN mapping is
managed in the IGS satellite metadata SINEX file (https://files.igs.org/pub/
station/general/igs_satellite_metadata.snx), ensuring stable antenna identi-
fication independent of PRN changes.

e Support for multiple antennas per satellite (e.g., GLONASS CDMA antenna con-
figurations), allowing antenna transitions or parallel signal paths to be explicitly
represented.

e Explicit definition of the satellite reference point (either centre of mass, COM, or
antenna reference point, ARP), improving the traceability of PCO/PCV interpreta-
tions.

e Frequency grouping for receiver antennas, eliminating the need to duplicate entries
for each frequency and thus simplifying file size and maintenance.

e Optional fields for code range corrections and antenna gain patterns, extending the
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representable measurement corrections beyond pure phase models.

e expanded signal/frequency mapping and naming aligned with modern GNSS con-
stellations and RINEX 3.X/4.X conventions;

Implications for users

The transition to ANTEX 2.0 primarily affects file structure and metadata management
rather than the physical interpretation of existing PCO/PV models. Users should:

e update ANTEX parsers to handle the 2.0 syntax including frequency grouping, and
optional fields (code range corrections, gain patterns);

e source SVN/PRN mappings from the IGS satellite metadata file to ensure correct
antenna-to-PRN linkage;

4 Antenna Calibration Activities

Within the IGS Antenna Working Group (AWG), we formed a subgroup to conduct and
coordinate the IGS antenna ring calibration campaign from 2022 to 2025, covering vari-
ous types of GNSS receiver antennas. This activity concluded at the end of 2025 with a
comprehensive report (Kersten et al., 2025a). We invited nine calibration institutions and
covered both the ROBOT and CHAMBER methods to verify and improve intercompara-
bility and interchangeability.

The objective was to provide an inclusive platform that integrates both IGS-accepted and
new GNSS facilities and to conduct a global campaign including all GNSS constellations
contributing to the ITRF (GPS, Galileo, BeiDou, GLONASS).

We further aimed to establish plausible benchmark values for the comparability and ex-
change of receiver antenna calibration values based on common standards and currently
accepted facilities. This includes the analysis of individual calibration accuracy and po-
tential systematic error sources. For this campaign, different antenna types representative
of IGS network equipment were used. The GNSS receiver antenna test samples have been
archived by the providing institutions for later comparisons.

The comparison methodology is based on the analysis of antenna patterns and their impact
in the position domain, including processing with two independent GNSS software pack-
ages (GipsyX and the IfE GNSS Toolbox). We adopted a multi-GNSS precise point posi-
tioning (PPP) approach. Individual solutions for Galileo, GPS, BeiDou, and GLONASS
were processed and cross-compared. Recalibration of each of the distributed antennas at
the home institutions is currently ongoing.

The findings are summarised in Kersten et al. (2025a) (Version 1.9). Along with the
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publication, we provide the corresponding ANTEX dataset (Kersten et al., 2025b) and
the related RINEX dataset (Iersten, 2025).

Further technical details are documented in:

e Technical report: IGS Antenna Ring Calibration Campaign: Evaluation report,
Version 1.9, Leibniz University Hannover — Institut fiir Erdmessung, [09/2025],
DOI/URL: http://dx.doi.org/10.15488/18995, (Kersten et al., 2025a),

e RINEX data release: The RINEX Dataset to the IGS Receiver Antenna Ring Cal-
ibration Campaign 2022-2024 (IGS RingCalVal), Zenodo (Community: GNSS for
Geodesy, Positioning, Navigation, and Multi-Sensor-Fusions), DOI: https://doi.
org/10.5281/zenodo . 16878951, Kersten (2025),

e ANTEX data release: The ANTEX Dataset to the IGS Receiver Antenna Ring
Calibration Campaign 2022-2024 (IGS RingCalVal), Zenodo (Community: GNSS
for Geodesy, Positioning, Navigation, and Multi-Sensor-Fusions), DOI: https://
doi.org/10.5281/zenodo. 16816983, (Kersten et al., 2025Db).
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1 Introduction to the BAR Committee

Currently, high-precision Global Navigation Satellite Systems (GNSS) positioning has
reached a relatively high level of maturity. A variety of biases are integrated and presented
in the form of Observable-Specific Biases (OSB), such as Differential Code Bias (DCB)
and Uncalibrated Phase Delay (UPD). The core of high-precision positioning lies in the
ambiguity resolution (AR). The most critical bias terms in this process are code and phase
biases. In the past, the oversight of code and phase biases was carried out separately by
the Bias and Calibration Committee and the Precise Point Positioning with Ambiguity
Resolution (PPP-AR) Pilot Project. To further promote the research, development, and
application of high-precision GNSS technologies, the International GNSS Service (IGS)
established a specialized committee, the BAR Committee, to coordinate the research,
standardization, validation, and dissemination of bias products relevant to current GNSS
and future constellations.

2 The charter of BAR Committee

Over the last decades, GNSS have been deployed in support of positioning, navigation,
and timing (PNT) users, as well as Earth-science applications. Originally, GPS receivers
track a limited number of frequencies, whose observables are subject to different satel-
lite biases such as well-known P1-P2 and P1-C1 differential code biases. However, with
the introduction of multi-GNSS constellations and multi-frequency tracking receivers, the
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number of different biases has grown significantly, and their accurate estimation is crucial
to future high-integrity and safety-critical applications.

The newly established BAR committee supersedes and consolidates the former PPP -AR
Pilot Project and merges with the Bias and Calibration committee. The foreseen activities
of the BAR committee have a strong relationship with the clock and ionosphere products.
For this reason, it is expected to operate in close collaboration with the Analysis Centre
Coordinator (ACC), Real Time Service (RTS), Clock committee, and other relevant IGS
entities.

The objects of the BAR committee are divided into three parts. Tasks are defined in
continuation of the PPP-AR Pilot Project, integrating fundamental activities carried out
by the former Bias & Calibration Committee.

1. Harmonization and methodology consolidations

e Survey existing bias definitions, network estimation strategies, and formats
across individual ACs.

e Consolidate existing observable-specific bias (OSB) conventions to accommo-
date all bias types, and update SINEX Bias format if necessary.

e Address issues with datum changes, e.g., at day boundaries, exploiting conti-
nuity of the integer carrier phase measurements.

e Assessment of hardware stability, including intra-day variations and potential
temperature-dependent effects.

e Definition of a white paper describing the status of satellite and station bias
products, which shall also provide clear recommendations in preparation of
upcoming LEO-PNT systems and /or signals.

2. Product interoperability and bias combination

e Address issues with availability of satellite products for specific signals and/or
frequencies, encouraging and supporting more ACs to estimate multi-GNSS /all-
frequency biases.

e Evaluate consistency between code and phase biases, in particular since are
often estimated in a cascade approach rather than in a single processing step.

e Cross-validation quality assessment of clocks and biases, and standardize the
specification of the product combination statistics in support of ACC and WCC.

e Initiate testing campaigns, open to the community, to evaluate performances
and to identify key issues in the combined products.

e Potential development of a clock-bias combination free and open-source soft-
ware toolbox that will be provide to the IGS community.

236



3 Latest progress of PPP-AR products from each existing AC

3. Ambiguity resolution and integrity monitoring

e Provide best practices for a successful integer-cycle resolution of carrier-phase
ambiguities, while defining common misconceptions in the statistical interpre-
tation of ambiguity-fixed solutions.

o Address issues with FDMA-signals, like in GLONASS, due to inter-frequency
biases, or in future LEO-PNT systems working on alternative frequency bands,
along with potentially accounting for intra-day variations currently neglected
(or assumed slowly varying in current systems).

e Establish an integrity monitoring system to detect unmodelled errors and de-
graded performance during the generation of satellite clock/bias corrections.

3 Latest progress of PPP-AR products from each existing AC

In 2025, an additional AC Natural Resources Canada (NRCan) now supports and re-
leases OSB products. The GeoForschungsZentrum Potsdam (GFZ) and Wuhan University
(WHU) ACs have also expanded their OSB coverage to include more satellites.

1. EMR include code/phase OSBs in its OPS final products, and its performance has
been improved.

During the IGS repro3 campaign, the EMR Analysis Center (AC) developed and vali-
dated the clock and bias estimation software SPARKNet. For the period 1996-2020,
EMR generated satellite and station clock products, as well as satellite code and
phase biases supporting PPP with ambiguity resolution (PPP-AR), based on NGS
orbit and station position solutions. The resulting products exhibited performance
comparable to those of other IGS Analysis Centers (Geng et al., 2024).

Following an evaluation of clock product quality obtained with Gipsy-X under the
EMR operational tuning and processing strategy, EMR implemented SPARKNet
for the routine generation of its operational final clock and bias products. Start-
ing with GPS week 2365, SPARKNet-based products have been used in operational
processing. This transition led to reduced satellite clock standard deviation. In ad-
dition, EMR provides satellite attitude files in ORBEX format to support consistent
satellite attitude modeling by users of the products.
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0SB Go80 GOl cic 2025:304:00000 2025:305:00000 ns -6.3490 0.0000
0SB Go8e Gol C1W 2025:304:00000 2025:305:00000 ns -5.2780 0.0000
0SB Go8o Gol C2W 2025:304:00000 2025:305:00000 ns -8.6926 0.0000
0SB GO80 GOl L1W 2025:304:00000 2025:305:00000 ns -0.2777 0.0000
0SB GO8o Gol L2W 2025:304:00000 2025:305:00000 ns -0.0100 0.0000
0SB GO61 GO2 cic 2025:304:00000 2025:305:00000 ns -9.2790 0.0000
0SB Go61 GO2 C1W 2025:304:00000 2025:305:00000 ns -11.0900 0.0000
0SB Go61 GO2 C2W 2025:304:00000 2025:305:00000 ns -18.2646 0.0000
0SB Go61 GO2 L1W 2025:304:00000 2025:305:00000 ns -0.1794 0.0000
0SB Go61 GO2 L2W 2025:304:00000 2025:305:00000 ns -0.0682 0.0000
0SB  GO69 GO3 cic 2025:304:00000 2025:305:00000 ns 7.4987 0.0000
0SB GO69 GO3 C1W 2025:304:00000 2025:305:00000 ns 8.1857 0.0000
0SB GO69 GO3 C2W 2025:304:00000 2025:305:00000 ns 13.4814 0.0000
0SB GO69 GO3 L1W 2025:304:00000 2025:305:00000 ns -0.0061 0.0000
0SB GO69 GO3 L2W 2025:304:00000 2025:305:00000 ns 0.1331 0.0000
Figure 1: Code/phase OSBs in EMR OPS final of NRCan
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Figure 2: Standard deviations of the IGS final clock combination. The red ellipse at GPS week
2365 indicates the EMR clock improvements resulting from the use of the in-house
SPARKNet software

238



3 Latest progress of PPP-AR products from each existing AC

2. WUM MGEX final include QZSS phase OSBs.

The WUM MGEX (Multi-GNSS Experiment) final products now include phase
OSBs for the QZSS. This enhancement is significant as it enables PPP-AR for QZSS
signals, improving positioning accuracy and convergence time. Presently, WUM is
one of only two IGS ACs, alongside CODE, that generate and provide these com-
bined QZSS code and phase OSB products. The accompanying data tables detail the
specific OSB values for various QZSS satellites and signals (e.g., C1C, C2X), refer-
enced to a defined time period. The effectiveness of these products is demonstrated
by performance metrics showing a 100% ambiguity fixing rate for both wide-lane
and narrow-lane components at multiple monitoring stations, confirming the high
quality and reliability of WUM’s PPP-AR solution for QZSS.

0SB JQs2 Joz ClX 2025:250:00000 2025:251:00000 ns 2.559900000000000 0.101300
058 JQs52 J02 CzL 2025:250:00000 2025:251:00000 ns 4.427600000000000 0.143500
058 JQs52 J02 c2X 2025:250:00000 2025:251:00000 ns 4.321800000000000 0.164800
0SB JQs2 J02 CcsQ 2025:250:00000 2025:251:00000 ns 3.029000000000000 0.114700
0SB JQS2 Jo2 csX 2025:250:00000 2025:251:00000 ns 2.389100000000000 0.125100
0S8 JQs2 Joz2 LiX 2025:250:00000 2025:251:00000 ns -2.767264139528239 0.736214
0SB JQsz Jo2 L2Xx 2025:250:00000 2025:251:00000 ns -4.5575303009063€8 0.722094
0S8 JQS4 J03 cic 2025:250:00000 2025:251:00000 ns 0.759100000000000 0.091100
058 JQS4 J03 C1X 2025:250:00000 2025:251:00000 ns 0.529000000000000 0.101200
058 JQ54 J03 C2L 2025:250:00000 2025:251:00000 ns 1.160000000000000 0.144000
0SB JQs4 J03 c2x 2025:250:00000 2025:251:00000 ns 0.961400000000000 0.164800
0SB JQs4 J03 CcsQ 2025:250:00000 2025:251:00000 ns 1.434000000000000 0.114700
0SB JQS4 J03 CcsX 2025:250:00000 2025:251:00000 ns 0.514100000000000 0.123%00
058 JQ54 J03 LIX 2025:250:00000 2025:251:00000 ns -1.0311€81517286€78 0.736181
0SB JQS4 J03 L2X 2025:250:00000 2025:251:00000 ns -1.698276658777592 0.722003
OSB JQS5 J04 cic 2025:250:00000 2025:251:00000 ns =1.518%00000000000 0.120600
0SB JQSS J04 C1X 2025:250:00000 2025:251:00000 ns =0.491700000000000 0.171500
0SB JQss Jo04 czx 2025:250:00000 2025:251:00000 ns -0.841800000000000 0.277200
0SB JQss J04 CsXx 2025:250:00000 2025:251:00000 ns -2.469500000000000 0.198600
058 JQ55 J04 L1X 2025:250:00000 2025:251:00000 ns 0.54115%295835122 0.84051¢
058 JQS55 J04 L2X 2025:250:00000 2025:251:00000 ns 0.891259295835122 0.983614
0SB JQs3 J07 cic 2025:250:00000 2025:251:00000 ns -2.690900000000000 0.099600
0SB JQs3 J07 c1x 2025:250:00000 2025:251:00000 ns -3.001500000000000 0.113700
0S8 JQs3 J07 C2L 2025:250:00000 2025:251:00000 ns -4.531500000000000 0.158500
0SB JQs3 J07 c2X 2025:250:00000 2025:251:00000 ns -4.843700000000000 0.185700
0SB JQs3 J07 csQ 2025:250:00000 2025:251:00000 ns -3.642300000000000 0.125800
0SB JQs3 J07 CsX 2025:250:00000 2025:251:00000 ns =-4.658600000000000 0.136700

Figure 3: QZSS phase OSBs in WUM MGEX final of WHU

Table 1: Ambiguity fixing rates for QZSS

Station Wide lane Narrow lane

AIRA 100 100
GMSD 100 100
STK2 100 100
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3. GFZ MGEX rapid and GRG MGEX final include phase OSBs for new BDS satellites

240

C47-C50.

GFZ MGEX rapid and GRG MGEX final products have incorporated code and
phase OSBs for the newer BDS satellites with PRN numbers C47 through C50,
which is a prerequisite for enabling PPP-AR for these satellites. This inclusion
allows users to correct the observable-specific signal biases and attempt to fix integer
ambiguities for the affected satellites. However, initial performance assessment using
GFZ’s products indicates that the narrow-lane ambiguity fixing rates for C47-C50
are relatively low at several global monitoring stations. For instance, at stations
BRUX and TLSG, while wide-lane fixing rates are excellent (98-100%), the narrow-
lane rates are 66% and 74%, respectively. At stations CEDU and KIRU, the rates
are lower, at 59% and 57%. This suggests that while the necessary bias products
are available, further refinement in the underlying orbit, clock, or bias estimation for
these newer satellites may be required to achieve consistently high integer fix rates
comparable to established constellations, highlighting an area for ongoing product
improvement.

0SB (€232 C50 c21 2025:282:00000 2025:283:03600 ns -56.0418 0.9156
0SB (€232 C50 C6I 2025:282:00000 2025:283:03600 ns -84.8746 1.3867
0SB (€232 C50 L21 2025:282:00000 2025:283:03600 ns 57.0333 0.9163
0SB (€232 C50 L6l 2025:282:00000 2025:283:03600 ns 86.3762 0.9163
0SB (€233 (48 c21 2025:282:00000 2025:283:03600 ns -3.0051 0.9284
0SB (€233 (48 CeI 2025:282:00000 2025:283:03600 ns -4.5512 1.4061
0SB (€233 (48 L21 2025:282:00000 2025:283:03600 ns 3.2856 0.9291
0SB (€233 (48 L6l 2025:282:00000 2025:283:03600 ns 4.9761 0.9291
0SB (€234 C47 c21 2025:282:00000 2025:283:03600 ns -1.4354 0.8937
0SB (€234 C47 CeI 2025:282:00000 2025:283:03600 ns -2.1739 1.3536
0SB (€234 C47 L21 2025:282:00000 2025:283:03600 ns 0.9577 0.8945
0SB (€234 C47 L6l 2025:282:00000 2025:283:03600 ns 1.4504 0.8945
0SB (€235 C49 c21 2025:282:00000 2025:283:03600 ns 3.3350 0.9562
0SB (€235 C49 CeI 2025:282:00000 2025:283:03600 ns 5.0509 1.4482
0SB (€235 C49 L21 2025:282:00000 2025:283:03600 ns -2.3269 0.9569
0SB (€235 C49 L6l 2025:282:00000 2025:283:03600 ns -3.5240 0.9569

Figure 4: Code/phase OSBs for C47-C50 in GFZ MGEX rapid



3 Latest progress of PPP-AR products from each existing AC
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C234 C47 cip 2025:282:00000 2025:282:86399 ns -17.6765 0.5573
C234 C47 csp 2025:282:00000 2025:282:86399 ns -31.6487 0.5841
C234 C47 Cix 2025:282:00000 2025:282:86399 ns -25.9551 6.4662
C234 C47 C5X 2025:282:00000 2025:282:86399 ns -46.4945 11.5672
C234 c47 L1P 2025:282:00000 2025:282:86399 ns 15.9148 0.4784
C234 c47 L5P 2025:282:00000 2025:282:86399 ns 28.5395 0.6996
C234 c47 L1X 2025:282:00000 2025:282:86399 ns 24.1934 6.4599
C234 c47 L5X 2025:282:00000 2025:282:86399 ns 43.3853 11.5736
C233 (48 cip 2025:282:00000 2025:282:86399 ns 58.8819 0.5719
C233 (48 csp 2025:282:00000 2025:282:86399 ns 105.7057 0.5983
C233 (48 Cix 2025:282:00000 2025:282:86399 ns 50.3572 6.4668
C233 (48 C5X 2025:282:00000 2025:282:86399 ns 90.4186 11.5668
C233 (€48 Lip 2025:282:00000 2025:282:86399 ns -62.7949 0.4880
€233 (€48 L5P 2025:282:00000 2025:282:86399 ns -112.6082 0.7205
€233 (€48 L1X 2025:282:00000 2025:282:86399 ns -54.2702 6.4599
C233 (48 L5X 2025:282:00000 2025:282:86399 ns -97.3211 11.5738
C235 C49 cip 2025:282:00000 2025:282:86399 ns -16.2489 0.5608
C235 C49 csp 2025:282:00000 2025:282:86399 ns -29.1915 0.5851
C235 C49 Cix 2025:282:00000 2025:282:86399 ns -24.4529 6.4660
C235 C49 C5X 2025:282:00000 2025:282:86399 ns -43.9035 11.5663
C235 C49 LiP 2025:282:00000 2025:282:86399 ns 16.0548 0.4801
C235 C49 L5P 2025:282:00000 2025:282:86399 ns 28.7906 0.7033
C235 C49 L1X 2025:282:00000 2025:282:86399 ns 24.2588 6.4595
C235 C49 L5X 2025:282:00000 2025:282:86399 ns 43.5026 11.5729
€232 C50 cip 2025:282:00000 2025:282:86399 ns 63.2448 0.6214
€232 C50 C5P 2025:282:00000 2025:282:86399 ns 113.3611 0.6419
€232 C50 Cix 2025:282:00000 2025:282:86399 ns 54.5828 6.4716
€232 C50 C5X 2025:282:00000 2025:282:86399 ns 97.8278 11.5695
€232 C50 LiP 2025:282:00000 2025:282:86399 ns -66.6548 0.5197
€232 C50 L5P 2025:282:00000 2025:282:86399 ns -119.5300 0.7886
€232 C50 L1X 2025:282:00000 2025:282:86399 ns -57.9928 6.4626
€232 C50 L5X 2025:282:00000 2025:282:86399 ns -103.9967 11.5785

Figure 5: Code/phase OSBs for C47-C50 in GRG MGEX rapid

Table 2: Ambiguity fixing rates for C47-C50 (GFZ/GRG)

Station Wide lane Narrow lane

BRUX 100/98 66,/100
TLSG 100/98 74/100
CEDU 91/100 59/100

KIRU  89/89 57/88
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4 The updates of product combination and validation in
BAR committee

Products from a potential AC at HUS have been incorporated into the combination, and
since this year, BDS-3 has also been included for the final PPP-AR product combination
and validation. Besides, an inspection of the combination results has been carried out to
identify and report any product issues.

1. A potential AC’s products from HUS have been included into the combination since
last year.

During the past year, the BAR Committee continued the routine combination and
validation of PPP-AR products, with several important updates focusing on AC
participation, multi-GNSS capability, and product quality inspection.

Products of HUS have been evaluated as a potential contribution to the routine com-
bination. Following consistency checks and PPP-AR performance validation, HUS
rapid and final products have been formally included in the combination. The HUS
products provide GPS, Galileo, BDS-2, and BDS-3 clock and code/phase bias correc-
tions, increasing the redundancy of contributing ACs, especially for BDS. Statistical
analyses indicate that HUS products show consistency comparable to existing ACs
and contribute stably to both rapid and final combined solutions.

ACs contribution to the combination till week 2393
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Figure 6: ACs contribution to the Final products combination from week 2278 to 2393
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4 The updates of product combination and validation in BAR committee

Combination Weight (%)

ACs contribution to the combination till week 2395
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Figure 7: ACs contribution to the Final products combination from week 2278 to 2393
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2. BDS-3 is included for the final PPP-AR product combination and validation since
this year.

Another major update is the inclusion of BDS-3 satellites in the final PPP-AR
product combination and validation. With an increasing number of ACs providing
high-quality BDS-3 clock and bias products, BDS-3 has been successfully integrated
into the final combined products. The BDS consistency of the clock and bias com-
bination for all products is shown below.

RMSE of BDS clock/bias compared to combination till week 2393
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Figure 8: BDS clock/bias combination consistency of Final products over the year 2025
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5 The kick-off meeting of BAR committee
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Inspection to the combination results to find and report some product issues.

Routine inspections of the combination results have been carried out to identify po-
tential product issues. The GPS/Galileo/BDS data with a sampling interval of 300 s
from 10 globally distributed stations are processed for PPP-AR in a static mode. The
fixing rate and position precision of each single constellation solution are presented
in the Fig. 9. By analyzing residuals, weights, and satellite-dependent consistency
patterns, several issues related to individual AC products were detected, such as the
ANTEX indicator in CODE’s products, where listing only “IGS20” instead of the
exact ANTEX file version led to inaccurate positioning issues.

PPP-AR results in week 2395 PPP-AR results in week 2393
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Figure 9: Ambiguity fixing rates and position precision for PPP-AR static solutions (Rapid prod-

ucts for the left panel, Final products for the right panel)

5 The kick-off meeting of BAR committee

On October 29, 2025 (UTC), the IGS BAR Committee convened its kick-off meeting.
The BAR Committee, which integrates the former “Bias & Calibration Working Group”
and “the PPP-AR Pilot Project”, has its core objective of coordinating the research, stan-
dardization, validation, and dissemination of satellite bias products for existing GNSS and
future LEO satellites. Researcher Jianghui Geng from the PRIDE Research Group chaired
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the kick-off meetings.

Dr. Wen Qiang from the PRIDE Research Group delivered a report titled Progress Report
of the PPP-AR Pilot Project for 2024/2025, reviewing the work of the PPP-AR Pilot
Project over the past year regarding orbit/clock/biases products. This year, BDS-3 PPP-
AR product was included in the final combined product, thanks to the release of the HUS
final BDS products. PPP-AR products from other Analysis Centers (ACs) of the IGS have
also been updated. Specifically, EMR provides GPS code and phase OSBs in its OPS final
products. WUM’s MGEX final products include QZSS phase OSBs, while GFZ MGEX
rapid and GRG MGEX final products include code and phase OSBs for BDS satellites
with PRN numbers higher than C46 (C47-C50).

Additionally, during the meeting, Lotfi Massarweh from Delft University of Technology
introduced the background, core objectives, work tasks, and charter of the newly estab-
lished BAR Committee. Peter Steigenberger from the German Aerospace Center shared
his research findings on the impact of GPS Flexible Power on the continuity of DCB esti-
mation. Dr. Jiang Guo from the International Bureau of Weights and Measures presented
his research on time transfer using continuous precise products.

In the final discussion session of the meeting, participants focused on the future core work
directions, technical challenges, and user needs of the IGS-BAR Committee. Key topics
included GNSS flexible power, day-boundary bias handling methods, phase biases quality,
and the development of the BAR official website.

Over 60 experts, scholars, and researchers in the field of GNSS precise positioning from
around the world attended the kick-off meeting. Through this meeting, all participants
gained a clearer understanding of the BAR Committee’s work directions, PPP-AR tech-
nology progress, and the application of biases products. This will provide important
guidance for the subsequent upgrade of GNSS high-precision services and the support for
the development of LEO system.
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Clock Products Committee
Technical Report 2025

Michael J. Coleman?

1 Chair of Clock Products Committee
US Naval Research Laboratory

The Clock Products Committee (CPC) consists of IGS members who are: involved with
the production of the IGS’s GNSS clock solutions, researchers and/or operators at promi-
nent IGS sites serving at UTC(k) sites, or key users and stakeholders of clock products
from the IGS. This report contains a summary of the current products as well as current
topics of interest to timing.

1 Charter and Membership

Since the last contribution to the Technical Report, this group has been changed from
the Clock Products Working Group (CPWG) to the CPC. This follows a general re-
organization within the IGS that yielded across-the-board reclassification of Working
Groups, Committees and Pilot Projects. As the CPC is responsible for maintaining the
core rapid and final clock products, it was decided that this group would become a com-
mittee. There have been no substantive changes to the charter otherwise since its 2019
update.

This committee continues to consist of ex—officio members (those holding other roles within
the IGS); representative members (specifically from Analysis Centers or IGS Timing Sites);
and at-large members. Representative members are often appointed by the Analysis Cen-
ter or IGS site to be representatives to the working group. The collection of at-large
members is intended to fill or expand the expertise base of the group based on current or
on-going activities. The group also strives to maintain a diverse membership both aca-
demically and geopolitically. Table | shows the current membership as of December 2025.
New members are identified with a dagger symbol. There are a few important points to
note.

e Jian Yao is elected to the vice chair role of the committee.
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Table 1: CPC membership as of December 2025; T represents new member.

Member Representing Affiliation

Michael Coleman Chair US Naval Research Laboratory
Jian Yao Vice Chair St. Louis University

Salim Masoumi IGS ACC Geoscience Australia

Patrizia Tavella
Allison Craddock

BIPM Rep to GB
IGS Central Bureau Rep

BIPM Time Department
Jet Propulsion Laboratory

Rolf Dach

Vacant
Vacant

Flavien Mercier
Keitaro Ohno T

Paul Ries
Thomas Herring

Sharyl Byram
Li Min

AC Rep // COD

AC Rep // EMR
AC Rep // ESA

AC Rep // GRG
AC Rep // JGX

AC Rep // JPL
AC Rep // MIT

AC Rep // USN
AC Rep // WHU

Astronomical Institute — Univ of
Bern (AIUB)

Natural Resources Canada

ESA / European Space Operations
Center

Centre National D’Etudes Spatiales
(CNES)

Geospatial Info. Authority (GSI) of
Japan

Jet Propulsion Laboratory
Massachusetts Institute of Technol-
ogy

US Naval Observatory

Wuhan University

Pascale Defraigne
Ilaria Sesia
Shinn Yan Lin

IGS Site Rep // BRUX
IGS Site Rep // IENG
IGS Site Rep // TWTF

Royal Observatory of Belgium
INRiM
Chungwa Telecommunications

Ignacio Romero

Giulio Tagliaferro
Thayatip Thongyan 7

At Large Member

At Large Member
At Large Member

Canary Space Consulting
(ESA/ESOC)

BIPM Time Department

National Metrological Institute of
Thailand

e Keitaro Ohno is appointed the representative of JGX to the committee.

e Thayatip Thongyan joins the group as an at-large member in 2024.

e Allison Craddock is no longer in the CB or at JPL, so a new CB representative will
be sought at the 2026 Workshop in Santiago.
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2 Current Product Operations

2 Current Product Operations

The IGS final and rapid clock products are combinations of solutions from contributing
IGS Analysis Centers (ACs). The combination software makes daily evaluations of each
solution and weights each AC contribution based upon the solution precision. The RMS
and standard deviation statistics as well as weight of each of AC solution is contained in
Table 2. These statistics comprise a median of the daily statistics taken over the calendar
years 2024 and 2025.

Corresponding plots of the standard deviations are shown in Figure | for both rapid and
final clocks but only for those ACs contributing weight. Note that the precision level of
each AC generally holds around the same level with the exception of rare dates where an
outlier in the solution precision is found.

Table 2: Quality of clock solution contributions from IGS Analysis Centers.
Median RMS and Standard Deviation statistics over the 2024 — 2025 calendar years.

Rapid Clock Product Final Clock Product
AC | Med Daily Med Daily Med Daily | Med Daily Med Daily Med Daily
RMS (ps) StDev (ps) Weight | RMS (ps) StDev (ps) Weight
COD 138.7 8.1 19.7 % 86.8 5.3 21.4 %
EMR 94.2 22.1 6.0 % 105.2 6.2 122 %
ESA 125.2 8.0 16.1 % 65.1 5.3 20.9 %
GFZ 113.7 11.6 124 % 88.9 10.6 10.5 %
GRG 112.7 9.8 17.0 130.2 6.3 172 %
JGX 102.4 25.0 6.2 % 74.9 30.4 0.0 %
JPL 94.8 10.7 14.8 % 71.6 7.2 17.8 %
MIT 70.1 43.2 0.0 %
NGS 799.0 522.3 0.0 % 828.5 520.5 0.0 %
USN 147.8 76.2 0.0 %
WHU 93.8 15.7 8.9 %

The current core rapid and final products contain a subset of the IGS network sta-
tion clocks as well as all GPS satellite clocks. While some ACs generate solutions for
GLONASS, Galileo and/or Beidou, those clocks are not yet part of the main core prod-
ucts. On-going work for the multi-GNSS clock products aims to bring these towards
production soon after the Analysis Center Coordinator (ACC) transition in 2026.
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Figure 1: Time series of clock solution precision for weighted AC contributions.
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3 Clock Exchange Format

This file format is under work and review presently. It will be a slight departure in format
from the existing Clock Rinex format series since more constellations and combinations
of both clocks and signals may be present in one given file. New header records and the
new data record format will ultimately allow additional information including;:

e allowance for different types of clock data in a single file including: analysis, obser-
vation, prediction, interpolation, discontinuity and hardware bias records, and

e option to report clock solutions based on more than one frequency pair combinations.

Dr. Jian Yao presented the planned file updates to the BIPM’s Consultative Committee
on Time and Frequency (CCTF) that convened in September 2025. The IGS is a liaison
to this committee.
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4 External Activities

4 External Activities

There have been several hot topics in the area of precise time over the past five years.
Several task groups were established at the BIPM to discuss solutions or policy recommen-
dations regarding them. These topics included: redefinition of the SI second, traceability
of UTC from GNSS, time and frequency dissemination and timescales, and a consensus
for a continuous UTC timescale. Two of these are important to the IGS: traceability of
UTC from GNSS and the consensus towards a continuous UTC. A summary of the Task
Group on UTC traceability from GNSS was documented in Defraigne et al. (2022). Work
towards continuous UTC is expected to be completed this year.

4.1 Continuous UTC

Since 1972, UTC takes a scheduled insertion of one leap second whenever necessary to
maintain the tolerance

| UT1 - UTC | < 0.9 sec.

Since this induces a discontinuity in UTC, efforts to end this practice have been ongoing at
the ITU-R. This issue has a wide influence and involves many nations, scientific disciplines
and operational outfits; see Levine et al. (2023) and Beard (2023). Hence, converging upon
an agreed approach has been challenging.

The BIPM convened a Task Group on Continuous UTC in 2023 to recommend a new
tolerance for the offset of UT1 — UTC and date for implementation. Following a two
year survey of stakeholders throughout the metrological, scientific, industrial and financial
sectors, the group came to an agreement on a new tolerance of 1 hour. This decision was
made with the explicit understanding that

e compromise would be required and almost all parties affected by this decision would
have some changes, corrections, or modifications that are needed to their systems;

e the potential installment of a negative leap second under the current paradigm would
be an extremely risky undertaking and is worth avoiding;

e the need for continuous UTC in many technological and scientific areas was beginning
to push users towards other existing timescales that are continuous, such as GPST;

e implementation of this new tolerance should be taken sooner than the original rec-
ommended date of 2035 to avoid future leap seconds— positive or negative.

The final recommendation from the Task Group recommended a 1 hour tolerance for UT1
— UTC be adopted and that this take effect on 20 May 2027. This recommendation is
now the subject of Draft Resolution C for the 28th General Conference on Weights and
Measures in October 2026 (CGPM Resolutions, 2026).

In the event that this resolution is adopted, there will be no further insertion of leap seconds
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for the foreseeable future of humanity. Existing offsets between timescales, however, will
likely persist into the future. GNSS providers including GPS, Galileo and Beidou did
confirm that they are unlikely to change the number of leap seconds presently included in
their timescales to match UTC even if UTC becomes continuous. The costs to make such
a change are too drastic compared to the benefits that might be gained.
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GNSS Monitoring Pilot Project
Technical Report 2025

E. Schonemann

Navigation Support Office at ESA/ESOC
Robert-Bosch-Str. 5

64293 Darmstadt, Germany
erik.schoenemann@esa.int, +49 (0) 6151 90 2653

1 Introduction

Since 2019, ESA is chairing the GNSS Monitoring Pilot Project, supporting development
and leading coordination among the IGS Monitoring Analysis Centres (MACs). As part of
the UN International GNSS Monitoring and Assessment (IGMA) Pilot Project, a monitor-
ing system for all GNSS constellations is developed, implementing specialised processing
systems to convert navigation messages, benchmark them against precise reference prod-
ucts, and assess compliance with ICD performance standards. To ensure comparability
across centres, the IGMA Calculation Methodology was formalised. In 2025, the Pilot
Project presented preliminary results for agreed evaluation periods (1-31 August 2022;
for UTCOE: 1 September 2021-31 August 2022). The results cover PDOP, orbit and
clock errors, SISRE, and UTCOE. Comparisons among the MACs and against the other
participants in IGMA showed good agreements.
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A. Krankowski'* Z. Li?l M. Hernandez-Pajares®,
A. Frori', N. Wang?

1 Space Radio-Diagnostics Research Centre

University of Warmia and Mazury in Olsztyn, Poland (SRRC/UWM)
2 Aerospace Information Research Institute,

Chinese Academy of Sciences (AIR/CAS), Beijing, China
3 UPC-IonSAT, Barcelona, Spain

1 General goals

The Ionosphere Committee started the routine generation of the combine Ionosphere Ver-
tical Total Electron Content (TEC) maps in June 1998. This has been the main ac-
tivity so far performed by the eight IGS Ionosphere Associate Analysis Centers (IAACs):
CODE/Switzerland, ESOC/Germany, JPL/ U.S.A, UPC/Spain, CAS/China, WHU /China,
NRCan/Canada and OPTIMAP /Germany. Independent computation of rapid and final
VTEC maps is used by each analysis center: Each IAAC computes the rapid and fi-
nal TEC maps independently and with different approaches. Their GIMs are used by the
UWM /Poland, since 2007, to generate the IGS combined GIMs. Since 2015 UWM /Poland
generate also IGS TEC fluctuations maps.

*Chair of Tonosphere Committee
tVice-Chair of Ionosphere Committee
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2 Membership
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11.
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13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

Mahdi Alizadeh (TU Berlin and
K.N.Toosi University of Technology
Tehran)

Dieter Bilitza (GSFC/NASA)
Claudio Cesaroni (INGV)

M. Codrescu (SEC)

Anthea Coster (MIT)

Joachim Feltens, Telespazio
(ESA/ESOC)

Mariusz Figurski (TU Gdansk)
Pawel Flisek (UWM)

Adam Fron (UWM)

Alberto Garcia-Rigo (UPC)
Reza Ghoddousi-Fard (NRCan)
Manuel Hernandez-Pajares (UPC)
Pierre Heroux (NRCan)
Norbert Jakowski (DLR)

Attila Komjathy (JPL)

Andrzej Krankowski (UWM)
Kacper Kotulak (UWM)
Richard B. Langley (UNB)
Zishen Li (CAS)

Qi Liu (Henan University)”
Haixia Lyu (Wuhan University)
Camille Martire (JPL)

* elected in 2025

3 Key Issues

23.
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27.
28.
29.
30.
31.
32.
33.
34.

35.

36.
37.
38.
39.
40.
41.
42.
43.
44.
45.

Angelyn Moore (JPL)

Raul Orus (ESTEC)

Michiel Otten, PosiTim (SA/ESOC)
Ola Ovstedal (UMB)

Babatunde Rabiu (NSRDA, Nigeria)
Vergados Panagiotis (JPL)

Ignacio Romero, CSC (ESA/ESOC)
Stefan Schaer (CODE)

Michael Schmidt (DGFI-TUM)
Shuli Song (SHAO)"

Tim Springer, PosiTim (ESA/ESOC)
David R. Themens (University of
Birmingham)

M. Sithartha Muthu Vijayan (CSIR
4PT)

Ningbo Wang (CAS)

Rene Warnant (ULiége)

Robert Weber (TU Wien)

Pawel Wielgosz (UWM)

Brian Wilson (JPL)

Chao Xiong (WHU)"

Junchen Xue (CAS)

Yunbin Yuan (CAS)

Qiang Zhang (WHU)"

Qile Zhao (WHU)

a Activities of eight IGS Ionosphere Associated Analysis Centres regarding GIMs: CODE,
UPC, ESA, JPL, NRCan, CAS, WHU, OPTIMAP (GIMs) and works on inclusion of

Shanghai Observatory (SHAO) as a new IAAC.
b Activities of UWM TAAC regarding ROTI maps.

¢ IGS real-time service for global ionospheric total electron content modeling.

d IGS ROTI Maps: Current Status and Its Extension towards Equatorial Region and
Southern Hemisphere.

258



4 Current IGS ionosphere products

e Towards Cooperative Global Mapping of the Ionosphere: Fusion Feasibility for IGS and
IRI with Global Climate VTEC Maps.

f Cooperation with International LOFAR Telescope (ILT) for potential synergies.

g Creation of 2 new Study Groups: “Ionospheric Mapping Function” and “New Method-
ology for Combining IGS Ionospheric products”.

h Moving towards real-time multi-constellation ionosphere products including VTEC maps,
ROTT maps, scintillation products.

4 Current IGS ionosphere products

4.1 IGS combined global ionospheric maps (GIM)

Currently the VITEC combined maps in the [ONEX format include:
e Final solution with ~ 11 days latency and weekly updates
e Rapid solution with less than 24—hour latency and daily updates

Both products are arranged in grid maps with resolution of 5 deg (longitude) by 2.5 deg
(latitude) and 2 hours in time. However the products elaborated by different TAACs may
have different temporal resolution — from 15 minutes up to 2 hours.

The draft Real-Time combined product based on the four IAACs (prepared in cooperation
with the Real-Time IGS WGQG) is also provided.

All information about validation, evaluation and combination of the products can be found
at the Ionosphere Committee webpage (https://igsiono.uwm.edu.pl/).

4.2 IGS ROTI fluctuation maps for the Northern hemisphere
Since 2014 UWM provides the IGS diurnal ROTI maps to characterize ionospheric irreg-
ularities occurrence over the Northern hemisphere.

Currently the ROTI fluctuation product is being expanded to cover also the Southern
hemisphere and equatorial region with use of over 1200 ground-based GNSS permanent
stations.

4.3 lonospheric products

Tonospheric products are available through CDDIS:
https://cddis.nasa.gov/archive/gnss/products/ionex/YYYY/DDD/
where YYYY is the year and DDD — the day of the year identification
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Table 1: Available products with their old and new filenames.

File type Old short name  New long name

Final combined IONEX  igsgddd0.yyi.Z IGSOOPSFIN_yyyyddd0000_01D_02H_GIM.INX.gz
Rapid combined IONEX  igrgddd0.yyi.Z IGSOOPSRAP_yyyyddd0000_01D_02H_GIM.INX.gz

ROTI (Northern rotiddd0.yyf.Z IGSOOPSFIN_yyyyddd0000_01D_01D_ROT.INX.gz
hemisphere)
ddd: day of year [001...366] yy: 2-digit year yyyy: 4-digit

The ionospheric products since GPS week 2238 (November 26, 2022), are in transition to
the IGS long product filename convention. The available products are listed in Table
together with their previous short names and new long names.

5 IGS 2024 Bern Workshop Recommendations and their
implementation

a Preparation of final version of IGS RT-GIMs.

b Preparation of final version of IGS ROTI maps extension towards low latitudes and
Southern Hemisphere.

¢ Creation of two new Study Groups: “Ionospheric Mapping Function” and “New Method-
ology for Combining IGS Ionospheric products”.

d Close cooperation with the Real-Time Committee in order to elaborate full real-time
VTEC and ROTI products.

e Continuation of cooperation with IRI, LOFAR-ERIC and ICG communities.

5.1 New Methodology for Combining IGS lonospheric products

Activities of Study Group ,,New Methodology for Combining IGS Ionospheric products”
resulted in proposition of a new methodology for developing a combined IGS ionospheric
product (final and rapid variants), based on systematic validation using DORIS obser-
vations. The solution is currently in the implementation phase, with extensive compar-
ative testing underway, including both the quality of results and operational stability.
Ultimately, once the community accepts it, the methodology is intended to replace the
currently used production pipelines. The proposed approach is distinguished by high
computational efficiency, a modular architecture, and ease of expansion with additional
components (e.g. ionospheric products of new TAACs). We see significant potential in it
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5 IGS 2024 Bern Workshop Recommendations and their implementation

as a foundation for further development of production processes and the expansion of our
group’s expertise in the development and maintenance of IGS products. The proposal of
a new methodology will be presented during IGS Workshop 2026 in Santiago, Chile.

5.2 Cooperation with IRI

Over the past year, the collaboration between the IGS Ionosphere Committee and the
International Reference Ionosphere continued the regular delivery of ionospheric products
supporting assimilation models. A key element was the stable, periodic release of dedi-
cated climate VTEC maps, as well as development work aimed at improving the quality,
consistency, and reliability of the entire production chain. Efforts focused on improv-
ing quality control, automating verification, and strengthening the pipeline’s resilience to
data gaps and operational disruptions. Solutions were also developed to facilitate product
adaptation to model requirements and their subsequent integration into operational envi-
ronments. This resulted in a more predictable delivery process and improved readiness for
further service scaling and product expansion in subsequent stages of the collaboration.
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1 Introduction

The IGS Multi-GNSS pilot project (MGPP) aims at the inclusion of all GNSS in all IGS
products. An important step towards this goal was the completion of the BDS-3/QZSS
satellite antenna calibration campaign which paves the way for the inclusion of BeiDou-3
and QZSS into the operational IGS products.

2 GNSS Evolution

Table 1 lists the GNSS satellite launches of the year 2025. NVS-02 is the second satellite of
the second generation of the Indian regional navigation satellite system NavIC. It suffered
from a launch failure and stranded in transfer orbit to its designated geostationary target
destination. Nevertheless, it is transmitting navigation signals with PRN 11 (Steigen-
berger et al., 2025). Numerous IGS stations track the L5 signal of NVS-02, whereas the
L1 and in particular S-band tracking is limited.

QZS-6 is the first QZSS Block III-G satellite. It transmits by default the L1C/B signal
and is not able to transmit in the L2 frequency band, contrary to previous QZSS satellites.
In the context of QZSS signal modernization, QZS-1R switched from L1C/A to L1C/B
transmission in August 2025. Tracking of the L1C/B signal is supported only by a couple of
Javad and Septentrio receivers with up-to-date firmware and proper configuration. Most
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receivers do not track L1C/B and some with outdated firmware or RINEX conversion
software still report L1C/A observations for QZS-6. The launch of QZS-5 in December
2025 failed due to a malfunction of the 2nd stage of the H3 rocket.

The second GLONASS K2 satellite was launched in March 2025 and declared opera-
tional on day of year 358/2025. Tracking of the legacy frequency division multiple access
(FDMA) signals is supported by most of the IGS stations. Although K2 satellites are able
to transmit L1 and L2 code division multiple access (CDMA) signals, these are currently
not tracked by the IGS stations. Despite its problems discussed in Steigenberger and Mon-
tenbruck (2024), the first GLONASS K1+ satellite R807 became part of the operational
constellation on 136,/2025. On 14 October 2025, R719 started the first transmission with
slot number 28 (corresponding to PRN R28) in the history of GLONASS. However, this
unhealthy satellite is currently only tracked by Javad receivers.

The Navigation Technology Satellite-3 (NTS-3) was launched in August 2025 into GEO
(Davis, 2023). NTS-3 is expected to transmit PRN G34 but no such signals have been
tracked by IGS receivers so far. The decommissioning of the Galileo FOC satellite E205
in December 2025 (European Commission, 2025) was followed by the first Galileo dual
launch with Ariane 6 in the same month.

Table 1: GNSS satellite launches in 2025.

Date Satellite Type
29-Jan-2025 NVS-02 GTO
02-Feb-2025  QZS-6 GEO
02-Mar-2025 GLONASS K2 MEO
23-May-2025 GPS III MEO
13-Aug-2025 NTS-3 GEO
13-Sep-2025 ~ GLONASS K1B MEO
17-Dec-2025  Galileo FOC E233/E234 MEO
23-Dec-2025  QZS-5 launch failure

For the Galileo Open Service Navigation Message Authentication (OSNMA), the European
Union published the Service Definition Document (European Union, 2025¢). The EU
furthermore made available Issue 2.2 of the Galileo Open Service Signal-In-Space Interface
Control Document (European Union, 2025a) including the definition of the new Eba Quasi
Pilot signal. This signal is implemented on E216, E221, E223, and E226 since December
2025 (NAGU2025060, 2025). For the Galileo High Accuracy Service (HAS), a reference
user algorithm was published (European Union, 2025b). Cabinet Office, Government of
Japan, updated the QZSS Performance Standard (PS-0QZSS, 2025) and the Centimeter
Level Augmentation Service (CLAS) interface specification (I5-0)ZSS-16-007, 2025)
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4 Products

® QZSS
X IRNSS

Figure 1: Distribution of IGS multi-GNSS stations supporting tracking of Galileo (red), BeiDou
(vellow), QZSS (blue), and IRNSS (black crosses) as of January 2026.

3 Network

As of January 2026, the IGS multi-GNSS tracking network comprises 401 active stations,
see Figs. 1 and 2. Compared to 2024, this is an increase of 16 stations. Six additional
stations are completely dormant and did not provide any observations in 2025. Another
31 stations are only providing RINEX 2 files and are therefore only of limited value for
multi-GNSS processing.

4 Products

Table 2 lists the analysis centers (ACs) contributing orbit and clock products to the IGS
Multi-GNSS Pilot Project. The Huazhong University of Science and Technology (H1US)
joined as MGEX AC on 1 March 2025 providing ultra-rapid, rapid, and final products.

As already mentioned in Sec. 2, QZS-6 and all future QZSS satellites do not transmit
signals in the L2 frequency band and transmit L1C/B instead of L1C/A. Therefore, the
MGPP analysis centers decided to switch from the ionosphere-free linear combination of
L1C/A and L2C to L1C and L5 starting with the products of GPS week 2352 (2 February
2025) as announced in Steigenberger (2025).

Several ACs and individual members of the MGPP contributed to the IGS BDS-3/QZSS
satellite antenna calibration campaign. More details are given in the next section and
the report of the Reference Frame Product Committee. Multi-GNSS differential code bias
(DCB) products are generated by CAS and GFZ (daily rapid products) as well as DLR
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Figure 2: Distribution of European IGS multi-GNSS stations as of January 2026. See Fig. 1 for

explanation of individual station labels.

Table 2: Analysis centers contributing to the IGS MGPP as of December 2025.

Institution Abbr.

GNSS

CNES/CLS  GRGOMGXFIN

CODE CODOMGXFIN
GFZ GFZOMGXRAP
HUS HUSOMGXFIN
IAC TACOMGXFIN
JAXA JAXOMGXRAP
SHAO SHAOMGXRAP
WU WUMOMGXFIN

GPS+GLO+GAL+BDS2+BDS3
GPS+GLO+GAL+BDS2+BDS3+QZS
GPS+GLO+GAL+BDS2+BDS3+QZS
GPS+GLO+GAL+BDS2+BDS3
GPS+GLO+GAL+BDS2+BDS3+QZS
GPS+GLO+GAL+BDS2+BDS3+QZS
GPS+GLO+GAL+BDS2+BDS3
GPS+GLO+GAL+BDS2+BDS3+QZS

(quarterly final product). Details on the CAS products are given in the recent publication

of Wang et al. (2025).

5 Satellite Antenna Calibration Campaign

The operational IGS products currently cover GPS, GLONASS and Galileo. BeiDou and
QZSS are only included in the MGPP products discussed in the previous section. The
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6 Satellite Metadata

inclusion of these constellations in the operational products is so far hampered by scale
inconsistencies of the BDS and QZSS antenna models with the IGS20 reference frame
scale.

In order to overcome these inconsistencies, the IGS Reference Frame Committee, the
Antenna Committee, and the Multi-GNSS Pilot Project together with ten IGS/MGEX
ACs have generated a new BDS-3/QZSS antenna model aligned to the IGS20 scale.
The BeiDou-3 part includes block-specific estimated B1C/B2a phase patterns for BDS-
3 CAST, SECM-A, and SECM-B MEO satellites as well as the BDS-3 IGSO satellites.
The x-/y-PCOs and B1 z-PCOs are manufacturer calibrations provided by the Test and
Assessment Research Center of the China Satellite Navigation Office (CSNO/TARC). Es-
timated satellite-specific BIC/B2a and B1I/B3I z-PCOs are used to derive a set of Bl,
B2, and B3 PCOs aligned to IGS20. Multiple intervals are considered for selected SECM
satellites with time-varying PCOs. In this case, no PCOs are provided prior to January 1,
2021. PPP-AR validation of the new BDS-3 antenna model demonstrated a significantly
improved scale consistency w.r.t. 1GS20 of 0.1 - 0.2 ppb.

The QZSS model is limited to the L1 and L5 frequencies as the QZSS Block III satellites
do not transmit L2 anymore. The satellite-specific phase patterns (except for J001) and
the satellite-specific x-/y-PCOs provided by Cabinet Office are retained. The z-PCOs
of J003, JO05, and JOO7 provided by Cabinet Office are also retained whereas estimated
L1/L5 z-PCOs are used for J001, J002, and J0O4.

6 Satellite Metadata

Cabinet Office, Government of Japan, published the satellite information for QZS-6 in-
cluding the dimensions, optical properties, antenna phase center offsets and phase patterns
for the main navigation antenna, SLR retro-reflector offsets, mass, center of mass position,
and transmit power. Information on the satellite antenna phase center offsets of the most
recent GPS III satellites G080 and G081 launched in 2024 and 2025, respectively, are still
missing.

Starting with GPS week 2350, an additional SATELLITE/PLANE block has been added to the
IGS satellite metadata file (Steigenberger, 2025), which is a new feature of version 1.10 of
the metadata file format (Steigenberger and Montenbruck, 2024). In addition to the orbital
plane, the slot within the plane is given. This information has been requested by the IGS
Combination Task Force (see next section) to allow for a plane-specific grouping/weighting
in the combination. The latest version of the IGS satellite metadata file is available at the
IGS file server' as well as the IGS github repository~.

"https://files.igs.org/pub/station/general/igs_satellite_metadata.snx
’https://github.com/International-GNSS-Service/IGS_Operational Files/blob/main/
operations/igs_satellite_metadata. snx
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7 Combination Task Force

The IGS Combination Task Force (CTF) was established in 2022 as an initiative of the
MGPP to support the build-up of a consolidated tool chain for multi-GNSS orbit and
clock combination as well as the progressive build-up of a combined product portfolio
within the IGS. In 2025, two new members from the Chinese Academy of Sciences and
from joined the task force team and increased its capacity. The work of the
task force focused on the validation and performance assessment of different orbit and
combination techniques and software tools. In parallel to the task force, both and
finalized their software packages for multi-GNSS orbit combination (SPOCC and
ROCS) and made them publicly available to the GNSS community (https://gnss.gfz.
de/services/spocc, https://github.com/GeoscienceAustralia/ROCS).

Extensive comparisons by the task force showed that both packages provide multi-GNSS
orbit combinations of consistent quality despite the different approaches (variance com-
ponent estimation vs. Ll-norm weighting). Building on these results, initial multi-GNSS
clock combinations were generated with the SPOCC clock combination module and the
SPARKCombo software. Precise point positioning (PPP) solutions showed an ex-
cellent performance of the SPOCC combined orbits paired by NRCan’s clock combinations.
In particular the resulting multi-GNSS products were shown to be fully competitive with
IGS GPS-only combinations and single-AC GPS+GLO+GAL products. Furthermore, a
“no-harm” criterion was met for the combination including non-GPS constellations.

Initial problems with the SPOCC clock combination have been overcome by a revised
reference clock handling and successfully verified in a PPP test. Thus, two independent
orbit and clock combination packages have been validated and are available for the future
generation of operational combined multi-GNSS products by the next analysis center
coordinator. Given the current achievements, the CTF has essentially met its key goals
and decided to terminate its work in early 2026.

Acronyms

CAS Chinese Academy of Sciences

CLS Collecte Localisation Satellites
CTF Combination Task Force
CNES Centre National d’Etudes Spatiales

CODE Center for Orbit Determination in Europe

DLR Deutsches Zentrum fir Luft- und Raumfahrt
GA Geoscience Australia
GFZ Deutsches GeoForschungsZentrum
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1 Introduction

The IGS Real-Time Committee organizes the operation of the IGS Real-Time Service
(IGS RTS) and coordinates the handling of real-time GNSS data and products through
its data centers. The IGS RTS is providing access to IGS real-time products, such as
satellite orbits, satellite clocks, biases and models of the ionosphere. These products are
computed by a number of Real-Time Analysis Centers (RT-ACs). The Real-Time Analysis
Coordinator (RT-ACC) performs quality control checks tests to these individual products
and computes a combined IGS Real-Time product.

The data centers provide access to the real-time observation data streams of the global
IGS network and to the IGS RTS products, the products by the individual RT-ACs and
the combined IGS products.

2 Committee Activities in 2025

In 2025, the IGS Real-Time Committee (RTC) organized two virtual committee meetings,
held in June and November, respectively, to coordinate committee activities and ongoing
developments.

The IGS-SSR Task Force was established with the RTC to support the development of
new IGS-SSR messages, further enhance the IGS-SSR format, and strengthen coordination
with the RTCM community.
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Questionnaires were distributed within Real-Time Analysis Centers to collect detailed
information on the input data, applied correction models, and parameter modeling strate-
gies used in real-time processing. The collected information has been made available on
the RTC website to improve the description clarity of the IGS Real-Time Service (RTS)
products.

Several IGS RTACs currently provide real-time correction products to enable applications
relay on the IGS RTS to achieve 10 cm positioning accuracy with fixed ambiguities. The
Real-Time Analysis Coordinator (RT-ACC) implemented two new features to further sup-
port multi-frequency precise point positioning (PPP) and ambiguity resolution (PPP-AR)
monitoring.

3 Collaborating IGS Committees

The IGS Real Time Committee collaborates with a number of other IGS Committees.
In detail this includes the Infrastructure Committee on the station network, data centers
and casters as well as observation and product data streams, the ionosphere committee
on the development and combination of real-time ionosphere products, and the Bias and
Ambiguity Resolution (BAR) committee on real-time biases and positioning with ambigu-
ity resolution. The IGS Real-Time committee benefits significantly from this cooperation
and it is highly appreciated.

4 Standards and Formats

4.1 RTCM-SSR

An open standard for providing complete sets of State Space Representation (SSR) mes-
sages suitable for PPP-RTK with centimeter accuracy is under development in RTCM.
Within SC104 a task force was created to push the development. While only very little
progress has been made in 2024, the task force has resumed in early 2025. Meanwhile,
the interoperability tests are ongoing based on the RTCM SSR draft document, which
has been updated to v0.9.5 Amendment 3. Geo++ and Leica provided SSR data sets
for encoding and decoding and about 7 test participants successfully decoded these data
sets. Leica and Geo++ provided real-time streams from the SAPOS test network as well.
First positioning results are produced and presented by NovAtel. The next steps are to
complete interoperability testing and to prepare the SSR document for CDV, which will
be initiated hopefully within 2026.

The SC134 SSR Integrity messages are related to the already published SC104 SSR stan-
dard, i.e., message types 1057-1061 and MT 1063-1068 for GPS and GLONASS, respec-
tively. The SC134 SSR Integrity messages for the new SC104 SSR standard will be devel-

272



5 IGS RT Data Centers

oped after the new SSR standard is formally published.

4.2 1GS-SSR

The IGS-SSR format has been released in October 2020 and is widely used by the GNSS
community. The propriety messages are assigned to Message Type 4076 of the RTCM
standard 10403.4. Due to the slow progress in the RTCM-SSR format development, it was
agreed within the IGS Real-Time Committee to keep and enhance the IGS-SSR format.
These extensions include the introduction of satellite APC and attitude information, the
global ionospheric accuracy information, and regional atmospheric corrections together
with corresponding quality indicators, as discussed during the 2024 Bern Workshop.

In early 2025, the IGS-SSR Task Force was established, with colleagues from BKG, CAS,
DLR, Geo++ and UPC, to further enhance the IGS-SSR format and collaborate with
the RTCM community. The IGS BAR committee also expressed its support for the de-
velopment of satellite attitude and integrity monitoring messages. As of December 2025,
new proposal drafts have been developed for satellite attitude, satellite offsets, satellite
PCV/GDV messages, GNSS satellite attitude messages, as well as ionospheric RT-RMS
messages associated with the RT-VTEC product. Proposals related to metadata, iono-
sphere and troposphere messages require further discussion to ensure consistency with the

largely finalized RTCM-SSR, standard.

Among these developments, newly proposed ionospheric real-time RMS (RT-RMS) correc-
tions have been routinely transmitted in CAS product streams (IGS-RTWG-375). Similar
to the RT-VTEC representation, the proposed RT-RMS information is described using
spherical harmonics, with degree and order up to 15 and up to four ionospheric lay-
ers. Global ionospheric VITEC corrections are disseminated via IGS-SSR Message Type
201, while the corresponding RT-RMS information is transmitted using Message Type
202. Together, Message Types 201 and 202 enable the dissemination of global RT-VTEC
corrections along with their associated accuracy information. The proposed IGS-SSR
ionospheric RT-RMS message has been added into CAS generated real-time correction
streams, which can be accessed via the IGS BKG caster (products.igs-ip.net:2101). The
available streams include: (1) IONOO1CASI: global ionospheric RT-VTEC and RT-RMS
information; and (2) SSRCO1CAS1: G+E+C orbit, clock, code and phase bias, together
with global RT-VTEC and RT-RMS information.

5 IGS RT Data Centers

The BKG GNSS Data Center (GDC, https://igs.bkg.bund.de/) provides access to the
real time observation data streams of the global IGS network and products of the IGS
RTS (Sohne et al., 2024).

273


https://igs.bkg.bund.de/

IGS Real-Time Committee

90°N
45°N —
3J
o
L
0 =
@
e Wi 3
45°S|. R = =
B e
K - e agera 1
%0 §EO° 90°W 0° 90°E 180%0 ?BU“

Value (TECu)

Figure 1: Example of global RT-VTEC and associated RT-RMS maps. The upper-left panel
shows the real-time VITEC observables, while the upper-right panel presents the SH-
fitted RT-VTEC map on a regular geographic grid. The lower-left panel displays the
accuracy information computed at each grid with fixed angular spacing, and the lower-
right panel depicts the SH-fitted real-time accuracy information map on the same
regular geographic grid.

NASA’s Earthdata portal provides real time data observation data streams and products
at https://www.earthdata.nasa.gov/.

While BKG and CDDIS act as the primary data centers for real time data, there are
relay data centers supplying users in specific regions of the Earth: The Global Navigation
Satellite System Data Center at Geoscience Australia (GA, https://gnss.ga.gov.au/)
supplies user in Australia and the Pacific,the Data Center at the GNSS Research Center in
Wuhan (http://ntrip.gnsslab.cn:2101) and the Chinese Academy of Sciences (CAS,
https://igs.bdsmart.cn/) supply the user community in China. The CAS data center
has continuously enhanced its services to improve the availability of the delivered IGS data
and product streams. An updated version of the IGGNtrip Software has been developed
and deployed, to support the operational data distribution services at CAS. With the
release of IGGNtrip V1.1, each approved user account can access simultaneously up to
1,000 mountpoints from a maximum of 10 devices (IGS-RTWG-374).

Other regional real time data centers hold real time observation data for specific regions,
such as the Royal Observatory of Belgium (https://www.euref-ip.be/), the Geodetic
Data Archiving Facility of the Italian Space Agency (http://geodaf.mt.asi.it/gps_
caster_access.php) and BKG’s GDC for EUREF.
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Figure 2: Dual- and triple-frequency real-time PPP-AR positioning errors obtained from the
SSRCO1CAS1 streams at one IGS test site, using a 30-minute re-convergence interval.

6 IGS RTS Analysis Centers and Products

In total, twelve IGS Real-Time Analysis Centers provide individual products to the IGS
RTS (Table 1).

The RTS products include satellite orbits and clocks for up to four GNSS, code and phase
biases and ionosphere information. The satellite orbits are referenced to Satellite Antenna
Phase Center (APC) and Center of Satellite Mass (CoM), respectively. Table 2 shows the
content of SSR streams from individual RT-ACs. Some of them now provide code and, in
particular, phase biases.

The IGS Real Time Service product descriptions on the IGS website is enhanced by de-
tailed information on the used data, correction models and parameter modeling of each
individual AC’s product. The full list of IGS Real-Time analysis centers and their products
is given at https://igs.org/rts/products/. As summarized in Table 2, five IGS RT
ACs currently support PPP-AR services by providing additional real-time phase bias cor-
rections. Figure 2 illustrates the one-day time series of the dual- and triple-frequency real-
time PPP-AR solutions based on the SSRC01CAS1 stream from CAS, which shows the
east, north and up components over 48 re-convergence arcs. The dual-frequency solutions
consistently converge within approximately 2.0 minutes, whereas the triple-frequency so-
lutions exhibit notably faster recovery, typically within 1.0 minute. After the convergence,
both dual- and triple-frequency solutions provide comparable positioning accuracy, with
horizontal and vertical errors generally remaining below 2.0 and 3.5 cm, respectively.
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7 Real-Time Analysis Coordinator (RT-ACC)

The Real Time Analysis Coordinator (RT-ACC) monitors the product data streams of
the RT-ACs and combines the individual products to the final IGS RT products. The
RT-ACC at BKG uses BKG’s open source software BKG Ntrip Client (BNC). BNC is
an open source multi-stream tool box for a variety of real-time GNSS applications. It
can be used to decode, convert and monitor RT'CM 2.x and RTCM 3.x data streams and
supports real-time PPP, high rate RINEX data centers, real-time GNSS engines and real-
time combination. The latest BNC version can be downloaded for a variety of operating
systems at https://igs.bkg.bund.de/ntrip/bnc.

In 2025 two new features have been implemented: Multi-Frequency PPP capability, and
Ambiguity Resolution (PPP with AR). The algorithm for the ambiguity resolution is the
Best Integer Equivariant algorithm (BIE, (Teunissen , 2005)). The BIE generally reveals
float ambiguities, not integers. However, the distance between the (float) BIE result and
the nearest integer (the fractional part of the BIE result) is a very good criterion for the
reliability of the resolved ambiguity. In addition, it is possible to compute a variance
(or its square root — sigma) of each resulting BIE ambiguity. Using the options “Max
Frac” and “Max Sig” the user may decide whether to use this additional information
and fix (constrain) only those ambiguities which meet these requirements. Furthermore,
two options (“Biases stream” and “Biases file”) have been introduced because some I1GS
RTS analysis centers (namely the WHU) disseminate the SSR corrections in two separate
streams: one stream/file contains the satellite orbit and clock corrections, the second
stream /file contains the satellite biases.

As visible from Table 2, five IGS RT ACs currently are providing real-time phase bias cor-
rections. Nevertheless, not all corrections are suitable for PPP with ambiguity resolution
(PPP-AR). In more detail, some ACs have set the signal integer indicator to zero. This
indicates that the corresponding signals have no integer property. Furthermore, one of
them (NRC) does provide the corrections for a single constellation (GPS) only, which is
not sufficient for reasonable fast ambiguity resolution and reliable PPP-AR. performance.
Figure 3 shows example PPP-AR results using the IGS RTS AC products from the CNES
and WHU.

For the positioning results in Figure 3 the observations of station FFMJ (Frankfurt, Ger-
many) in a fully kinematic mode using all 3 constellations (GPS, Galileo and Beidou) are
processed. Because the phase biases for Beidou within the SSR stream SSRAOOCNE1 cur-
rently are not suitable for PPP-AR, the ambiguities are solved here for GPS and Galileo
only. The analysis center WHU provides phase biases for all 3 constellations within its
extra stream 0SBCOOWHU1. Because they are all suitable for PPP AR, the ambiguities are
here resolved for all 3 constellations. Some issues within the SSR corrections limit the
accuracy of the positing results. Regarding SSRAOOCNE1, the tracking mode for G5 phase
bias is reported as “I”. However, there is no corresponding code bias with this tracking
mode. The phase biases contain the information about the satellite yaw angles. For some
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Figure 3: Real Time Positioning estimates of PPP-AR solutions using IGS RTS products
SSRAOOCNE1 (left) and SSRAOOWHU1 together with 0SBCOOWHU1 (right). The PPP client
Software BNC is used to estimate for positions of station FFMJOODEU (Frankfurt,
Germany) at February 9** and 10" 2026
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Figure 4: Satellite Yaw Angle as reported from SSR stream SSRAOOCNE1 at February 9th 2026
in comparison to computed values using the standard satellite attitude model. While
the yaw angles agree with the standard model for satellite E02, the yaw angle values
differ completely for satellite E10.

satellites (even non-eclipsing) these yaw angles do not agree with a standard satellite at-
titude model (see Figure 1). Hence, the standard satellite attitude model is used for the
processing.

The clock corrections in Figure 5 (left) look reasonable for GPS satellites. However,
some clock corrections for Galileo satellites show jumps. If all clock corrections for a given
constellation jumped by the same value, it would not be any problem — such jump common
for all satellites can be fully compensated by the estimated receiver clock correction.
However, Figure 6 (right) shows, that the jumps are almost non-existent for some satellites
while they are at the several cm level for other satellites. Such clock corrections degrade
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Figure 5: Satellite Clock Corrections for GPS (left) and Galileo (right) as reported from SSR
stream SSRAOOCNE1 at February 9" 2026.

the performance of the PPP (and even to larger extend PPP-AR) algorithm.

WHU biases as reported in 0SBCOOWHU unfortunately, are sent in 5 minutes rate only. Fur-
thermore, the yaw angles are not given. They are all set to constant value of 180 degrees.
Therefore, the standard satellite attitude model is used for the processing as well.

8 IGS RTS Products

8.1 IGS RTS broadcast ephemeris data streams

The IGS RTS also provides real-time access to broadcast ephemeris. The global IGS RT
receiver network is used to create complete sets of broadcast ephemeris information for
GPS, GLONASS, Galileo (F/NAV and I/NAV), BDS, QZSS and SBAS satellites, which
are available on the Ntrip Broadcaster https://products.igs-ip.net/.

BKG generates several streams carrying only Broadcast Ephemeris with its software pack-
age BNC. Therefore, the incoming ephemeris are checked for errors and inconsistencies
and then merged, encoded in RTCM Version 3 format and uploaded to NTRIP broadcast-
ers with a high repetition rate. The satellite system(s) that shall be part of the uploaded
stream can be specified. The resultant multi-GNSS data stream is available on mountpoint
BCEPOOBKGO. A number of additional mountpoints BCEPO[1-7]BKGO have been set up to
provide broadcast ephemerides for each individual GNSS in a separate stream. Further-
more, mountpoint BCEPOSBKGO provides broadcast ephemeris including GPS, GLONASS,
Galileo, BDS QZSS, and SBAS broadcast ephemeris, which BKG generates from raw
ephemeris frames using the Alberding EuroNet software

CHC provides as well a broadcast ephemeris stream, which is available at mountpoint
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BCEPOOCHCO including GPS, GLONASS, Galileo (I/NAV) and BDS broadcast ephemeris.

Chinese Academy of Sciences (CAS) is providing broadcast ephemeris streams derived
from the global IGS network and created by its software BDSMART. There is one data
stream available at mountpoint BCEPOOCASO including GPS, GLONASS, Galileo, BDS and
QZSS broadcast ephemeris.

GMYV is also providing a compiled broadcast ephemeris stream for GPS, GLONASS,
Galileo and BDS. The data stream is created by GMV'’s software magicGNSS and available
through mountpoint BCEPOOGMVO.

JPL provides combined broadcast ephemeris data streams for GPS, GLONASS and Galileo
ephemeris. The two data streams at mountpoints BCEP01JPLO and BCEPO2JPLO are created
by two GDGPS operations centers.

The complete list of Broadcast Ephemeris products is given at https://igs.org/rts/
products/.

The IGS RT receiver network is used to create a complete set of broadcast ephemeris
information

8.2 IGS RTS Combined products

The RT-ACC combines the individual AC contributions for orbit and clock corrections
to the IGS combined product. The SSR[A,C]02IGS1 product contains orbit and clock
corrections as well as code biases for GPS, GLONASS and Galileo, the SSR[A,C]03IGS1
provides BDS corrections in addition. For each product, one data stream refers to the
Satellite Antenna Phase Center (APC), another stream refers to the Center of Mass of
the satellites (CoM).

There are also three Ionosphere products provided by the University of Catalunya (UPC)
and the Chinese Academy of Sciences (CAS). The ionosphere products contain VTEC
spherical harmonic coefficients.

All products are combined in Table 3. There are SSR products using the RTCM-SSR
messages (message types 1057 — 1302). The messages type 4076 is a proprietary message
type of the IGS and wraps sub-messages for orbit and clock corrections, biases and iono-
sphere models. A list of IGS sub-message numbers is given at https://igs.org/rts/
formats/.

9 IGS RTS product monitoring

A selection of results of the IGS RTS product monitoring can be found at https://
igs.org/rts/monitoring/. This includes analyses on the agreement of orbit and clock
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Table 1: IGS Real-Time Service Analysis Centers

APM Innovation Academy for Precision Measurement Science and Technology, China
BKG  Bundesamt fiir Kartographie und Geodésie, Germany
CAS  Chinese Academy of Sciences, China

CHC  China HuaCe Corporation, China

CNE  French Space Agency, France

GFZ  Helmholtz Centre for Geosciences, Germany

GMV  Grupo de Mecanica de Vuelo, Spain

JPL Jet Propulsion Laboratories, USA

NRC  Natural Resources Canada, Canada

SHA  Shanghai Observatory, China

UPC  Universitat Politécnica de Catalunya, Barcelona, Spain
WHU  Wuhan University, China

Table 2: IGS Real-Time Service combination products.
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Table 3: IGS Real-Time Service combination products.

Stream Name Description Ref. IGS-SSR Messages Soft-
Point and sampling [s] ware
SSRA02IGSO  Orbit/Clock  Correction, APC  1057(10), 1058(10), 1063(10), BKG
Kalman Filter Combination 1064(10), 1240(10), 1241(10),
RTCM-SSR: G, R, E 1300(60), 1302(60)
SSRC02IGSO  Orbit/Clock Correction, CoM  1057(10), 1058(10), 1063(10), BKG
Kalman Filter Combination 1064(10), 1240(10), 1241(10),
RTCM-SSR: G, R, E 1300(60), 1302(60)
SSRA02IGS1  Orbit/Clock Correction, APC 4076 021(10), 4076_022(10), BKG
Kalman Filter Combination 4076 _041(10), 4076 _042(10),
IGS-SSR: G, R, E 4076_061(10), 4076_062(10)
SSRC02IGS1  Orbit/Clock Correction, CoM  4076_021(10), 4076 _022(10), BKG
Kalman Filter Combination 4076 _041(10), 4076 _042(10),
IGS-SSR: G, R, E 4076_061(10), 4076_062(10)
SSRAO3IGSO  Orbit/Clock  Correction, APC  1057(10), 1058(10), 1063(10), BKG
Kalman Filter Combination 1064(10), 1240(10), 1241(10),
RTCM-SSR: G, R, E, C 1258(10), 1259(10), 1300(60),
1302(60)
SSRCO3IGSO  Orbit/Clock Correction, CoM  1057(10), 1058(10), 1063(10), BKG
Kalman Filter Combination 1064(10), 1240(10), 1241(10),
RTCM-SSR: G, R, E, C 1258(10), 1259(10), 1300(60),
1302(60)
SSRA03IGS1  Orbit/Clock Correction, APC  4076_021(10), 4076 _022(10), BKG
Kalman Filter Combination 4076 _041(10), 4076 _042(10),
IGS-SSR: G, R, E, C 4076_061(10), 4076_062(10),
4076_101(10), 4076_102(10)
SSRCO3IGS1 Orbit/Clock Correction, CoM 4076 _021(10),4076 022(10), BKG
Kalman Filter Combination 4076 _041(10), 4076 _042(10),
RTCM-SSR: G, R, E, C 4076_061(10), 4076_062(10),
4076_101(10), 4076 _102(10)
I0NOOOIGS1 Global Ionospheric Model 4076 _201(15) UpC
I0ONOO1IGSO Global Ionospheric Model 1264(30) CAS
I0ONOO1IGS1 Global Ionospheric Model 4076 _201(30), 4076 _202(30) CAS
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estimates of the individual RT ACs (Figure 6) or time series of RT precise point positioning
(PPP) estimates for selected stations (Figure 7).

Figure 8 presents probability density distribution and corresponding cumulative probabil-
ity distribution of RMS VTEC differences for the UPC and CAS combined RT-GIMs. The
median RMS values are approximately 4.5-4.6 TECU for both solutions, while the 95%-
percentile levels reach about 8.1 TECU for the UPC combined RT-GIM and 7.8 TECU
for the CAS solution. The newly generated CAS combined RT-GIM achieves performance
fully comparable to the existing UPC combined product

The IGS RTS monitoring also gives information on the performance of RT-GIMs from indi-
vidual RTACs (see Figure 9). Using NRT DORIS data from Jason-3, the accuracy of differ-
ent RT-GIM products are routinely monitored with a latency of about 24 hours. The eval-
uation includes RT-GIMs from CAS (IONOOOCAS1), CNES (IONOOOCNE1), UPC-IonSAT
(IONOOOUPC1), WHU (IONOOOWHU1) as well as the IGS combined solutions (IONOOOIGS1
generated by UPC-IonSAT and ION0O01IGS1 generated by CAS).

Daily GAL Clock Sigma (CoM) Daily GAL Clock Sigma (CoM)

Figure 6: Agreement of real time Galileo orbits (left) and clock (right) products provided by
different RT ACs.
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Figure 7: Real Time Positioning estimates of PPP solutions using IGS RTS products SSRA02IGS1
(left) and SSRA03IGS1 (right). The PPP client Software BNC is used to estimate for
positions of stations FFMJ (Frankfurt, Germany), KOUG (Kourou, French Guinea)
and REYK (Reykjavik, Iceland) at February 6** and 7*® 2025. In this example, the
position estimates are significantly influenced by an active ionosphere.
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Figure 8: Probability density (left) and Cumulative probability (right) distributions of RMS
VTEC differences for UPC and CAS combined RT-GIMs in comparison to the IGS
final GIM.
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Figure 9: Performance assessment of global ionospheric products provided by different RTACs
using independent DORIS observation data.
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Besides operational combinations of the daily terrestrial frame (SINEX) solutions provided
by the IGS Analysis Centers as part of their final products (Section 1), the Reference Frame
Committee activities in 2025 included:

e the definition of a new reference frame for the IGS products, IGc20, based on the
second annual update of ITRF2020, ITRF2020-u2024 (Section 2),

e contributions to the IGS campaign for the calibration of the BDS-3 and QZSS satel-
lite antennas (Section 3),

e the development of new services on the IGS terrestrial frame combination website,
https://webigs-rf.ign.fr (Section 1).

1 Operational SINEX combinations

The main operational task of the Reference Frame Committee is to combine the daily
terrestrial frame (SINEX) solutions provided by the IGS Analysis Centers (ACs) as part
of their final products. The daily combined SINEX solutions thus obtained contain the
official daily IGS station position and Earth Rotation Parameter (ERP) estimates. The
residuals from the daily SINEX combinations additionally allow evaluating the consistency
and quality of the SINEX solutions provided by the different ACs.

Figure | shows the WRMS of the Analysis Center (AC) station position residuals from
the daily IGS SINEX combinations, i.e., the global level of agreement between the AC
and IGS combined station positions once reference frame differences have been removed,
since the beginning of 2025. These WRMS have remained in 2025 at similar stable levels
as in the previous years.
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Figure 1: WRMS of AC station position residuals from the 2025 daily IGS SINEX combinations.
All WRMS time series are low-pass filtered with a 20 cpy cutoff frequency.

2 1Gc20 reference frame

To mitigate the progressive obsolescence of the International Terrestrial Reference Frame
(ITRF) station coordinates due to extrapolation errors and to the occurrence of new
station position discontinuities, the International Earth Rotation and Reference Systems
Service (IERS) committed to provide yearly updates of ITRF2020 until a full new version
of the ITRF becomes necessary. The first annual update of ITRF2020, ITRF2020-u2023
(Altamimi et al., 2024), was adopted by the IGS on February 2, 2025 in the form of the
so-called IGb20 reference frame (IGSMAIL #8543). Similarly, the second annual update
of ITRF2020, ITRF2020-u2024 (Altamimi et al., 2025), has been adopted by the IGS since
January 11, 2026 in the form of a new reference frame called 1Gc20.

[Gc20 is a simple extract of ITRF2020-u2024 coordinates for 346 stable, well-performing,
operational and historical IGS stations. The same 343 stations as in the previous IGS
reference frame, IGb20, were retained, while 3 new stations were added in areas previously
sparsely covered by IGS reference frame stations (see their distribution in Figure 2):

e CASCOOPRT (Cascais, Portugal): historical EUREF station with 28-year long po-
sition time series, which recently joined the IGS network.

e MANAOONIC (Managua, Nicaragua): historical IGS station with 25-year long posi-
tion time series. Although MANAOONIC was displaced by many earthquakes over its
observation history, it was nevertheless selected in I1G¢20 because of its strategic lo-
cation in Central America, where the only two other IGS reference frame stations are
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2 1Gc20 reference frame

e |Gb20
® new in IGc20

Figure 2: Distribution of the IGc20 reference frame stations.

either dormant (GUAT00GTM) or without up-to-date ITRF2020-u2024 coordinates
due to a recent earthquake (SSTAOOSLV).

e MAYGOOMYT (Dzaoudzi, Mayotte): the 11-year long position time series of the
station features a large transient deformation pattern due to the 2018-2022 volcano-
tectonic episode in Mayotte. While this pattern was roughly approximated by a
piecewise linear model in previous ITRF releases, it is now accurately represented
by a physics-based "double-exponential" model in ITRF2020-u2024.

More details on the [Gc20 reference frame and its usage may be found in IGSMAIL
#8634.

Since the ITRF2020 yearly updates are aligned in origin, scale and orientation to the
original I'TRF2020 solution, IGc20 should not be considered as a complete new reference
frame, but rather as an update to individual IGb20 station coordinates. This alignment
implies that the transformation parameters between ITRF2020 (IGS20), ITRF2020-u2023
(IGb20) and ITRF2020-u2024 (IGc20) are all zero. It also implies that the switches from
I1GS20 to IGb20, then 1Gc20 did not introduce any significant “datum” changes in the IGS
products. On the other hand, the precision and accuracy of the alignment of the IGS
products to the reference frame benefit from the adoption of regularly updated reference
station coordinates.
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3 BDS-3 / QZSS satellite antenna calibration campaign

In the perspective of developing fully multi-GNSS IGS products, a campaign for an em-
pirical calibration of the BDS-3 and QZSS satellite antennas was initiated by the IGS
Reference Frame Committee, Multi-GNSS Pilot Project and Antenna Committee in the
end of 2023. The overall aim of the campaign is to incorporate the BDS-3 and QZSS
constellations into the IGS operational processing, while minimizing any possible adverse
impact on the IGS terrestrial frame products, as well as on the access to the ITRF by
users of the IGS orbit and clock products. Given the differences observed between the
manufacturer calibrations and empirical calibrations of the BDS-3 satellite antennas in
particular (e.g., Zajdel et al., 2022), a necessary preparatory step for that purpose is to in-
corporate into the current IGS ANTEX file (igs20.atx) empirical phase variation patterns
and phase center offsets for the BDS-3 and QZSS satellites compatible with the 1GS20

reference frame.

In the first step of the campaign, phase variation patterns were estimated for the BDS-
3 satellites and the B1C/B2a frequency combination. Contributions from six ACs were
combined and compiled by Steigenberger et al. (2024) into an intermediate ANTEX file.
In the second step of the campaign, the nadir component of phase center offsets (z-PCOs)
have been estimated by eight ACs for the BDS-3 (B1C/B2a) and QZSS (L1C/L5) satellites,
and the results were combined by the Reference Frame Committee (Steigenberger et al.,
2025). Although the B1I/B3I frequency combination will not be used in the generation of
future IGS operational products, updates to the BDS-3 (B1I/B3I) satellite z-PCOs were
also estimated by the German Aerospace Center (DLR) and Wuhan University. The new
BDS-3 satellite antenna phase center model was then tested and validated in the generation
of orbit and clock products by Wuhan University and in PPP-AR by the Chinese Academy
of Sciences. At the time of writing, the publication of a new version of igs20.atx including
the new BDS-3 / QZSS satellite antenna phase center model is imminent, and a scientific
paper is in preparation.

Afterwards, the impact of adding the BDS-3 and/or QZSS constellations into the oper-
ational processings of individual ACs willing to do so will be assessed on a case-by-case
basis. The impact on the terrestrial frame products (resp. GPS, GLONASS, Galileo orbit
and clock products) will be assessed by the Reference Frame Committee (resp. Analysis
Center Coordinator) from parallel series of test solutions, after which decisions will be
taken on the incorporation of the new systems in the AC operational products.

4 New services on https://webigs-rf.ign.fr

4.1 Monitoring of satellite z-PCOs

One of the outcomes of the BDS-3 / QZSS satellite antenna calibration campaign was the
finding of apparent jumps in the time series of z-PCO estimates of certain BDS-3 satellites
(accounted for by means of piecewise constant z-PCOs in the new antenna model). To
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monitor possible future occurrences of similar jumps which may require future updates
of igs20.atx, a new webpage was set up at https://webigs-rf.ign.fr/zpco. It displays
weekly-updated time series of GPS, GLONASS, Galileo, BDS-3 and QZSS satellite z-PCO
estimates derived from different series of AC SINEX solutions. Figure 3 shows an example
of the z-PCO time series displayed for the BDS-3 satellite C215.
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Figure 3: Example of satellite z-PCO time series displayed at https://webigs-rf.ign.fr/
zpco.

4.2 Web service for the computation of possible co-seismic displacements

Back in 2023, an automatic procedure was set up to monitor and record the possible
co-seismic displacements of IGS stations. The Global Centroid-Moment-Tensor (CMT;
Ekstrom et al.,; 2012) catalog is scanned every day for new earthquakes. For every new
earthquake, approximate co-seismic displacements are calculated for all IGS stations us-
ing a simple half-space dislocation model (see details at https://webigs-rf.ign.fr/
coseismic). Whenever one or more calculated displacements exceed 1 mm, the informa-
tion is distributed through the IGSSTATION and IGS-ACS mailing lists. The database
of the possible co-seismic displacements recorded by IGS stations, available at ftp://
igs-rf.ign.fr/pub/coseismic/IGS_coseismic.dat and https://webigs-rf.ign.fr/
coseismic, is also updated.

In 2025, a new web service was set up which allows users to compute possible co-seismic
displacements anywhere on Farth, based on the same CMT catalog and half-space disloca-
tion model. Instructions on how to request this web service are given at https://webigs-
rf.ign.fr/api/doc/#/Seismic/post_coseismic_request.
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1 Introduction

The IGS/RTCM RINEX committee was established in December 2011 to update and
maintain the RINEX format to meet the needs of the IGS and the GNSS Industry. Since
the RINEX format is widely used by the GNSS scientific community and industry it was
decided that it should be jointly managed by the IGS and the Radio Technical Commission
for Maritime Services — Special Committee 104 (RTCM-SC104). In this way the Com-
mittee consists of IGS scientific and institutional members and RTCM-SC104 industry
members.

2 Membership

The committee has about 72 members at the current time and membership and subscrip-
tion to the Mailing List can be requested here. In addition, at the end of the year 2024,
André Hauschild from DLR was appointed as new vice-chair.

3 Summary of Activities in 2025

The RINEX Committee activities of the 2025 have been the following:

e RINEX 4.02, initially published in October 2024, has been revised to accommodate
editorial changes and clarifications, to improve the ICD readability and clarity. A
release update of the same format (still RINEX 4.02 version) has been published in
September 2025. No format changes were introduced with this update.
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e The committee received requests to support the standardization of additional GNSS

navigation message data bits, such as Authentication messages (Galileo and QZSS)
and the Galileo High Accuracy Service. The request has been accepted by the
RINEX Committee and the IGS Governing Board and a dedicated Task Force to
standardize these data has been approved. The creation and activities of this Task
Force will be conducted in 2026.

After the interest of the community, already raised during the 2024 IGS Workshop,
in the LEO-PNT technologies, the committee received the request to support the
standardization of the LEO-PNT Observation and Navigation Messages within the
RINEX ICD. This hot topic has led to a broader discussion within the Governing
Board to tackle the following question: “Shall the IGS embrace the LEO-PNT sys-
tems?”. A survey to the entire IGS community has been conducted to assess the
general interest and understand, at least preliminary, the implications of such a step.
Activities in this domain will be conducted in 2026.

4 Planned 2026 Activities
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e Review of open request of changes for RINEX 4.02 (e.g., review of Galileo ICD

released in November 2025)

e Formal creation and kick of the activities of the Task Force for the standardization

of the Navigation message data bits.

e Continue to support the investigation in the LEO-PNT domain.
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1 Introduction

The IGS Satellite Vehicle Orbit Dynamics Committee (SVOD) was reactivated on 01
January 2025. Bingbing Duan (TUM - Technische Universitdt Miinchen) was elected
as the new Chair. The Committee continues to aim at developing and testing precise
satellite orbit models in order to reduce systematic errors in both satellite orbit (Masoumi
and Moore, 2021; Zajdel et al., 2023) and terrestrial reference frame products (Rebischung
et al., 2024).

In 2025, a joint effort entitled “Toward a standardized GNSS satellite attitude modeling
framework” was initiated to reduce attitude modeling inconsistencies among IGS analysis
centers. In parallel, a second joint effort was launched to promote the consistent applica-
tion of radiation pressure models developed by ESA (Dilssner and Springer, 2025), JPL
(Bar-Sever and Kuang, 2004, 2005), and TUM (Duan and Hugentobler, 2021; Duan et al.,
2020, 2022).

2 GNSS Satellite Attitude Modeling Activities

Accurate modeling of GNSS satellite attitude is essential for antenna phase center model-
ing, phase wind-up correction, and precise radiation force modeling. Inconsistent handling
of satellite attitude among IGS analysis centers increases the complexity of clock product
combination and may introduce inconsistencies in Precise Point Positioning with Ambi-
guity Resolution (PPP-AR) applications.

GNSS satellites typically employ a nominal yaw steering attitude to keep their navigation
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antennas pointing toward the Earth’s center while maintaining the solar panel normal close
to the Sun direction. During the eclipse season, however, nominal yaw steering often re-
quires angular rotation rates that exceed the mechanical limitations of the attitude control
system when crossing the orbital noon and midnight points. To address this, GNSS satel-
lite manufacturers have implemented various rate-limited attitude laws, although detailed
descriptions are not always publicly available.

Given the significant differences among IGS analysis centers in modeling rate-limited satel-
lite attitude, a joint effort entitled “Toward a standardized GNSS satellite attitude mod-
eling framework” has been established. The effort currently involves 22 contributors from
11 institutions, as listed in Table

Table 1: Contributing institutions and participants

Institution Contributors

CODE Rolf Dach, Elmar Brockmann, Daniel Arnold, Pascal Stebler
CNES/CLS Georgia Katsigianni, Sylvain Loyer, Alvaro Santamaria-Gomez
DLR Oliver Montenbruck, Peter Steigenberger

ESA Florian Dilssner

GFZ Longjiang Tang, Benjamin Méannel

JPL Yoaz Bar-Sever, Da Kuang, Ant Sibthorpe, Paul Ries
LNTU Zhiguo Deng

TUD Lotfi Massarweh

TUG Torsten Mayer-Guerr

TUM Bingbing Duan, Urs Hugentobler

WUM Jing Guo

In this contribution, we revisit yaw-rate-limited GNSS attitude models derived from man-
ufacturer documentation, reverse-PPP analyses, and interpretations of published attitude
quaternions. A harmonized GNSS attitude modeling framework is proposed to provide
a transparent and reproducible basis, supporting inter-analysis-center consistency and
alignment between IGS products and high-precision GNSS applications.

This work will be presented at the IGS Workshop 2026. The developed attitude framework
will be maintained and refined within the IGS SVOD Committee.

3 Radiation Pressure Modeling Activities

Accurate radiation pressure modeling for GNSS satellites is essential for precise orbit
determination (POD) and terrestrial reference frame realization, including station coordi-
nates and Earth rotation parameters. For satellites with known surface properties (e.g.,
Galileo and QZSS), a box-wing solar radiation pressure (SRP) model combined with the
Empirical CODE Orbit Model (ECOM2) is widely used by IGS analysis centers (Arnold
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et al., 2015). However, important thermal effects, such as radiator emission and imbal-
anced thermal radiation from navigation antennas and solar panels, are typically neglected
because detailed thermal information is not publicly available.

To mitigate these limitations, several IGS analysis centers, including ESA and JPL, have
developed empirically derived radiation pressure models based on long-arc orbit fitting to
precise orbit products. The ESA-RnR25 model expresses empirical forces for all GNSS
satellites as Fourier functions of the Earth-satellite-Sun angle. The JPL GSPM series mod-
els incorporate additional dependencies on the Sun elevation angle (8) and have recently
been extended to include Solar Flux variability to accommodate complex spacecraft fea-
tures and shadow transition effects. At TUM, GNSS orbit macro models including SRP,
Earth radiation pressure, and thermal radiation pressure have been developed through
parameter estimation based on real GNSS observations.

To facilitate cross-implementation of these models in independent software packages, a
joint effort between ESA, JPL, and TUM has been initiated. The current contributors
are:

e ESA: Florian Dilssner, Tim Springer
e JPL: Da Kuang, Yoaz Bar-Sever
e TUM: Bingbing Duan, Urs Hugentobler

Particular attention is given to ensuring consistency in attitude modeling, Sun posi-
tion modeling (including f angle computation), treatment of additional non-gravitational
forces, and Earth-shadow handling. This enables a controlled assessment of the impact of
each model on POD and geodetic parameter estimation.

This work will be presented at the 46th COSPAR Scientific Assembly (2026) as an invited
contribution, and the results will be shared publicly through the IGS SVOD Committee.
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Acronyms

CLS Collecte Localisation Satellites

CNES Centre National d’Etudes Spatiales
CODE Center for Orbit Determination in Europe
DLR Deutsches Zentrum fiir Luft- und Raumfahrt
ESA European Space Agency

GFZ Deutsches GeoForschungsZentrum

JPL Jet Propulsion Laboratory

LNTU Liaoning Technical University

TUD Technische Universiteit Delft

TUG Technische Universitiat Graz

TUM  Technische Universitat Miinchen

WUM  Wuhan University
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Cautionary note: TIGA was revived in 2025 after a pause of approximately three years,
and its membership is currently being finalized. The text below reflects the understanding
and views of the new co-chairs based on the discussions held so far and should not be
interpreted as a finalized or formally agreed position of the group for 2025.

1 Historical perspective

The TIGA Committee (Pilot Project at that time) was established in 2001 to support
GNSS tide gauge benchmark monitoring, that is, the geocentric determination of tide
gauge datums and their vertical stability using permanent GNSS stations co-located with
tide gauges.

The primary scientific objective of TIGA has been to provide GNSS-based estimates of
vertical land motion at tide gauge sites, with uncertainties commensurate with those of
long-term sea-level change derived from tide gauge records, i.e., at the sub-millimeter
per year level. Additional applications were envisaged from the outset, including the
unification of vertical datums (Sanchez and Bosch, 2009) and the calibration and validation
of satellite radar altimetry sea-level data (Schone et al., 2009).

To achieve these objectives, the following core components and activities were identified:

1. GNSS at Tide Gauge stations:

e Promote the installation of GNSS stations at tide gauge locations.
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e Provide training for tide gauge operators on GNSS installation, configuration,
metadata management, and quality control (QC).

e Encourage the establishment of local leveling ties between the GNSS antenna
reference point and the tide gauge datum (benchmarks).

e Offer advice on emerging applications.
2. Thematic global Data Center:

e Develop a dedicated data center for assembling, quality-controlling, and dis-
tributing data and metadata from GNSS at tide gauge stations.

3. TIGA Analysis Centers:

e Ensure consistent reprocessing of GNSS data at tide gauge stations, aligned
with the latest IGS reprocessing standards.

e Engage at least three individual analysis centers to allow for effective inter-
comparison of results.

4. TIGA combination Center:

e Establish a combination center to evaluate products (coordinate time series
and velocities) from individual groups and produce official, combined TIGA
products.

The implementation of these components followed the best-effort model typical of the
IGS, with its associated strengths and limitations, depending on the level of engagement
of contributing institutions and the resources available to them.

Figure | shows the distribution of GNSS stations located within 1 km of a tide gauge for
which daily RINEX files are available through the SONEL data assembly center. SONEL
has acted as the IGS thematic (TIGA) Global Data Center. In this role, it collects,
performs quality control, archives, and distributes daily RINEX files for GNSS stations
located within 15 km of a tide gauge. The 1-km distance shown in Figure 1 was considered
a reasonable threshold to allow precise (1st-order) leveling between the GNSS antenna
and the tide gauge benchmark defining the tide gauge datum. The total number of GNSS
stations at tide gauges considered in SONEL can be viewed on the SONEL website (https:
//www.sonel.org/-GPS- .html).

The choice of a 15 km distance also allowed the inclusion of GNSS stations that are
serendipitously located near tide gauges, with the aim of encouraging tide gauge operators
either to establish geodetic ties or, where appropriate, to install GNSS stations closer to
the tide gauge. The latter situation could arise, for example, if repeated leveling were
considered unrealistic, or if existing leveling data revealed local land motion instability
between the GNSS antenna and the tide gauge. In this sense, Figure 1 includes both
TIGA-committed stations and a broader set of stations that could potentially fall within
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Figure 1: GNSS stations within 1 km of a tide gauge with daily RINEX files available at SONEL,
acting as the IGS thematic (TIGA) global data center. Active stations are in green
(291), stations without data for the past 30 days in orange (113), and decommissioned
in red (104).

the scope of TIGA, as leveling over distances of up to 1-km was considered simple and
realistic.

In addition to RINEX data, SONEL also collects and distributes products (position time
series and velocities) from groups that follow the latest IGS standards associated with its
reprocessing campaigns. Figure 2 presents GNSS velocity estimates produced by the two
TIGA Analysis Centers that have contributed to IGS reprocessing efforts. Other groups
have also processed GNSS data at tide gauge sites (e.g. Sanchez and Bosch, 2009) with
the objective of contributing to combined TIGA solutions.

2 TIGA Renaissance in 2025

In 2025, the initial focus of the revived TIGA activities was on re-establishing the project
and recruiting participants. The initial meetings discussed motivation of participants and
original goals of TIGA and the associated components outlined above, while initiating
discussions on their relevance and possible evolution. In particular:

e [dentify what components of the original TIGA initiative were successful.
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Figure 2: GNSS velocities estimated by ULR (top) and GFZ (bottom) from their contribution
to IGS-repro3 (Gravelle et al. (2023); Mannel et al. (2022), respectively).
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e Assess which of these components should be maintained moving forward.

e Explore new opportunities and potential extensions of the TIGA framework.

These discussions emphasized the continued relevance of two core elements: the network
of GNSS at tide gauge sites, and the maintenance of a thematic global data center. At the
same time, participants recognized that new opportunities and challenges have emerged
and should be considered in a renewed TIGA context.

2.1 Emerging opportunities

Two developments over the past decade appear particularly relevant for a TIGA re-
naissance. First, ground-based GNSS reflectometry (GNSS-IR; Larson et al., 2013) has
emerged as a promising technique for measuring sea level directly using GNSS signals,
complementing traditional tide gauge technologies. Demonstration studies (e.g. Larson
et al., 2017) have shown the potential of GNSS-IR for mean sea level, stimulating the
establishment of a dedicated portal at the PSMSL (https://psmsl.org/data/gnssir/).
While this portal archives derived products (mean seal levels), the long-term value of
GNSS-IR also requires appropriate archiving of raw GNSS data, often at higher sampling
rates than the 30s considered within TIGA. Second, the long-recognized lack of repeated
leveling data linking GNSS antennas and tide gauge reference points remain a critical lim-
itation for many sites (Woppelmann and Marcos, 2016). In this context, InNSAR has the
potential to provide complementary information on relative ground motion in the vicinity
of tide gauges (Filmer et al., 2020). While not a replacement for precise leveling, InSAR
may help address questions relative to the applicability of GNSS-derived displacements
to tide gauges or nearby coastal infrastructure, particularly where strict co-location or
repeated leveling is difficult.

2.2 Lessons from past experience

The revival of TIGA-also provides an opportunity to step back and reflect on lessons
learned from earlier phases. Questions raised include: What constitutes a TIGA station
today? Is there still a need for independent analysis centers and a formal combination
center? Which components worked well in the past, and which faced limitations? What
new components or expertise may be required to address current and emerging applica-
tions? These questions are currently under discussion and will inform the future evolution
of the TIGA Committee.
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1 Introduction

The IGS Troposphere Working Group (IGS TWG) was founded in 1998. The United
States Naval Observatory (USNO) assumed chairmanship of the WG as well as respon-
sibility for producing IGS Final Troposphere Estimates (IGS FTE) in 2011. In 2023,
the current working groups of the IGS were transitioned to committees, thus making the
former Troposphere Working Group now the Troposphere Committee.

Dr. Sharyl Byram has chaired the working group/committee since December 2015 and
also oversees production of the IGS FTEs. IGS FTEs are produced within the USNO
Earth Orientation Department GPS Analysis Division, which also hosts the USNO IGS
Analysis Center. Rosa Pacione from e-GEOS in Italy is the Troposphere Committee’s vice
chair.

2 IGS Final Troposphere Product Generation 2025

USNO produces IGS Final Troposphere Estimates for nearly all of the stations of the IGS
network subject to data availability. Each 24-hr site result file provides five-minute-spaced
estimates of total troposphere zenith path delay (ZPD), north, and east gradient compo-
nents, with the gradient components used to compensate for tropospheric asymmetry.

Since January 2017, the IGS Final Troposphere estimates have been generated with
Bernese GNSS Software 5.2 (Dach et al., 2015) and in 2023 started using the IGS20
reference frame, the IGS realization of the ITRF2020 reference frame and transitioned to
the IGb20 reference frame in February 2025. The processing uses precise point positioning
(PPP; Zumberge et al., 1997) and the GMF mapping function (Bohm et al., 2006) with
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Figure 1: Number of IGS receivers for which USNO produced IGS Final Troposphere Estimates,
2011-2025. Red lines denote the mean for the year.

IGS Final satellite orbits/clocks and Earth orientation parameters (EOPs) as input. Each
site-day’s results are completed approximately three weeks after measurement collection
as the requisite IGS Final orbit products become available. Further processing details can
be obtained from Byram and Hackman (2012).

Fig. 1 shows the number of receivers for which USNO computed 1GS FTEs 2011-2025.
The average number of quality-checked station result files submitted per day in 2025 was
434. Fig. | is annotated with major changes in the processing of the IGS FTEs, most
which result in an increase of produced IGS FTEs. All available station data is processed
and quality checked. The result files are available for download from the CDDIS data
server at: https://cddis.nasa.gov/archive/gnss/products/troposphere/zpd/.

3 IGS Troposphere Committee Activities 2025

The goal of the IGS Troposphere Committee is to improve the accuracy and usability of
GNSS-derived troposphere estimates. It does this by coordinating (a) committee projects
and (b) technical sessions at the IGS Analysis Workshops.

The group usually meets once or twice per year: the fall in conjunction with the American
Geophysical Union (AGU) Fall Meeting (USA), in the spring/summer, either in conjunc-
tion with the European Geosciences Union (EGU) General Assembly (Vienna, Austria),
and/or at the IGS Workshop (location varies). Meetings are simulcast online so that
members unable to attend in person can participate. Members can also communicate and
coordinate activities using the IGS TWG email list.
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4 How to Obtain Further Information

In 2025, the Troposphere Committee meeting continued to work on the recommendations
from the 2024 IGS Workshop in Bern, Switzerland:

1. Test newer troposphere models in final troposphere estimates
GMF is currently being used in the IGS Final Troposphere estimates. The recom-
mendation of the committee is to test new troposphere models including the VMF
model. However, there is concern about the 6-hour release discontinuities with the
VMF model. Analysis of the effect of these discontinuities will be conducted. Other
models will also be investigated as well.

2. Repro3 reprocessing and comparison
The committee recommends that the Repro3 combination products suitability for
troposphere reprocessing is investigated. If determined to be a suitable time series
for PPP reprocessing, the committee recommends creating a reprocessed troposphere
estimate time series consistent with the Repro3 combination products. The commit-
tee also recommended to provide comparisons to the AC contributions if available
to provide the ACs feedback.

3. Multi-GNSS investigation
The final recommendation from the committee meeting was to begin testing produc-
tion and analysis quality of a multi-GNSS final troposphere product including other
fully operational constellations. The quality analysis of these multi-GNSS estimates
should be of combined observations as well as evaluating individual constellation
inclusion into the estimates.

Communications on news and activities were distributed via the committee’s mailing
list.

4 How to Obtain Further Information

IGS Final Troposphere Estimates can be downloaded from: https://cddis.nasa.gov/
archive/gnss/products/troposphere/zpd.

For technical questions regarding the estimates, please contact the Troposphere Committee
Chair, Dr. Sharyl Byram, at sharyl.m.byram.civ@us.navy.mil.

To learn more about the IGS Troposphere Committee, you may:

e contact Dr. Sharyl Byram at sharyl.m.byram.civ@us.navy.mil

e visit the IGS Troposphere Committee website: https://twg.igs.org

e subscribe to the IGS Troposphere Committee email list: https://lists.igs.org/
mailman/listinfo/igs-twg
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1 Introduction

The IGS has made significant strides in improving geographic diversity over the past six
years by adjusting its approach to regional representation, strategically recruiting mem-
bers from underrepresented areas, embracing virtual meetings to accommodate its global
workforce, and hosting capacity-building workshops. In 2024, to ensure long-term sus-
tainability, the IGS continued fostering inclusive participation and inspiring future leaders
with the creation of the IGS Inclusion, Diversity, Equity, and Accessibility Working Group
(IDEA WGQG), in alignment with Goal 3 of the IGS 2021+ Strategic Plan. The working
group was established with two co-chairs, Camille Martire and Elisabetta D’Anastasio,
with the aim of embedding inclusivity, diversity, equity, and accessibility in all IGS ac-
tivities and decisions. In early 2025, Camille Martire stepped down from the co-chair
position, and the chair of the International Association of Geodesy DEI Working Group
Rebekka Steffen stepped in and provided invaluable support to the working group. The
IDEA WG deliberately maintains an open membership policy. This approach ensures a
broad range of perspectives, fostering inclusivity and minimising biases in its efforts.

The IGS IDEA statement was developed and endorsed by the IGS Governing Board in
June 2024, and the full statement is attached here as an Appendix.
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2 Accomplishments in 2025

Due to the impossibility of continuing to host the IDEA WG content on the https://
igs.org website, the IDEA WG worked on migrating the content to the newly established
International Association of Geodesy (IAG) website, https://geodesy.science. With
the support of the IAG Bureau, the IDEA WG homepage, the IGS IDEA full statement
and the working group charter have been migrated to the IAG website, and have been made
available at the following link: https://geodesy.science/idea/working-groups/igs/.
This effort started while the new IAG website was under development, and thanks to
this the TAG Bureau created a dedicated top level section on IDEA (https://geodesy.
science/idea/). IGS is the first IAG’s service with a dedicated IDEA working group
that is featured on the website.

The IDEA WG continued to encourage and support the translation of the IGS CORS
Guidelines, in collaboration with the CB and the Infrastructure Committee. A pool of
experts all around the globe contributed to this significant effort, and during 2025 the IGS
CORS guidelines have been translated and published in Chinese (Junchen Xue, Haobo Li
and Jianghui Geng), Arabic (General Authority for Survey and Geospatial Information
GEOSA, Saudi Arabia) and Portuguese (Rui Fernandes). As of December 2025, the IGS
CORS Guidelines have been made available in 7 languages: 5 of the 6 official United
Nations Languages (Arabic, Chinese, English, French, Spanish), German and Portuguese.
Nevertheless, the IGS primary version remains the one in English. The IDEA WG is
deeply thankful to all those who contributed to this important effort.

The IDEA WG translated documents were promoted within other organisations and
geodesy events, such as the Capacity Development workshops organised by the UN Global
Geodetic Center of Excellence in 2025.

The IDEA WG reviewed the IGS Guidelines and Code of Conduct for IGS Events, which
establishes clear expectations for respectful and inclusive participation to all IGS-organised
and -sponsored events, while ensuring a professional and welcoming environment. The
guidelines have been also reviewed alongside the final report of the IAG Task Force on
Inclusion. Considerations extracted from those combined documents have been provided
as an input to the Local Organising Committee of the IGS 2026 workshop in Santiago
de Chile , Chile. To reiterate, the IGS code of conduct encourages respectful behavior,
including valuing diverse perspectives, fostering collaboration, and providing constructive
feedback; it strictly prohibits harassment, discrimination, aggression, and disruptive be-
havior, with examples provided to maintain a safe and professional atmosphere. Develop-
ing this explicit document allows the IGS to ensure its events remain inclusive, productive,
and aligned with its mission of global scientific collaboration.

The IDEA WG actively supported the awareness of equality and diversity issues within
IAG by co-organizing an EDI activity at the European Geosciences Union (EGU) General
Assembly 2025 in Vienna. The event gathered geodesists interested in EDI questions to
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4 Appendix 1

discuss next steps. A similar event will be held at the upcoming EGU General Assembly
in May 2026.

3 Plan Going Forward

The IDEA working group will continue to support and promote the translation of signifi-
cant IGS Guidelines into UN official languages, with the Analysis Center Guidelines being
identified as the next important document that the IGS community in underrepresented
regions would benefit from.

Members of the IDEA WG will finalise the translation of the CORS guidelines in Hindi
(Chiranjeevi Vivek G and Neelu Kasat). The IDEA WG will continue to promote and
support translation efforts, and make sure that any updated version of the official CORS
guidelines will be reflected into the translated versions, in coordination with the Infras-
tructure Committee.

During 2026, the IDEA WG will continue to support the Local Organising Committee
and is planning to run an informal session during the IGS 2026 workshop.

Finally, the IDEA WG will work on updating the IGS events guidelines and Code of
Conduct and align these with the IAG EDI Task Force report and official guidelines that
will be developed in the future.

4 Appendix 1

Statement on Inclusion, Diversity, Equity, and Accessibility (IDEA)
v1.0 — last updated on 2024-06-30

At the International GNSS Service (IGS), we are committed to fostering and upholding
the principles of Inclusion, Diversity, Equity and Accessibility (IDEA) across all aspects of
our organisation. We recognise that embracing these values not only enriches and supports
our community, but also enhances the quality and impact of our work. We believe that
by embracing and championing IDEA, we can advance our mission and truly provide
the highest-quality GNSS data, products, and services for the benefit of the scientific
community and society as a whole.

Inclusion is fundamental for the IGS’ mission, in that it fosters a collaborative environ-
ment that values its diverse perspectives and supports all members. Open communication
and collaboration are thoroughly encouraged, creating a culture where contributions are
recognised and valued. Leveraging our years of global collaboration, we have developed
an acute cultural awareness that allows us to build trust and rapport with members and
stakeholders from diverse backgrounds. Using these tools, we strive to ensure everyone
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feels welcomed and empowered to participate fully in IGS activities.

Diversity is pivotal for the IGS, as it ensures global representation, varied expertise, and
a user-centred approach. Thanks to representation and participation from diverse geo-
graphic locations and types of institutions, the IGS is able to work towards GNSS data,
products, and services that are relevant and applicable worldwide, serving a wide range of
applications and stakeholders. Furthermore, diverse backgrounds bring a wide spectrum
of expertise, perspectives, and insight to the table, enabling the IGS to tackle complex
challenges from multiple angles and develop innovative solutions. We strive to encour-
age participation from all socioeconomic and educational backgrounds, career levels, ages,
types of institution, genders, ethnic backgrounds, and disability statuses.

Equity is an indispensable value for the IGS, especially in terms of workload balance,
transparent decision-making, and global access. Being a voluntary not-for-profit organi-
sation, the IGS functions on a best-effort basis. In such a model, each IGS Component
(and in particular our global array of Analysis Centres) provides an effort proportional
to its capabilities and available resources. We however ensure that all contributions are
equally welcome in the IGS community, and that their value in the IGS’ processes (e.g., the
product combinations) is equitably estimated. Furthermore, transparent decision-making
steers the IGS, guided by objective criteria and a diverse Governing Board. This helps
foster trust and accountability, and consequently ensures unbiasedness and fairness for all
members. In our daily operations, we strive to provide equitable timing arrangements for
meetings, workshops, and events, ensuring all members and interested community mem-
bers can participate regardless of location. Finally, we ensure that IGS products and
services are accessible, effective, and valid at the global scale.

Accessibility is a foundational element for IGS, as we strive to uphold open and freely
available data and products at our core. To foster global participation, IGS activities are
organised with flexibility so that remote participation is possible, and meeting agendas and
minutes are shared transparently — aiding non-native English speakers in the community
to participate fully and effectively. Furthermore, we strive to ensure that our digital plat-
forms, products, services, and events are fully and freely accessible to the community.

To proactively uphold these values, the IGS has established the IDEA Working Group.
Composed of passionate members committed to fostering the principles of inclusion, diver-
sity, equity, and accessibility, the IDEA WG will help assess the organisation’s progress,
identify areas for improvement, and implement strategies across all IGS Components.
Namely, a set of Guidelines are being developed to help IGS Components uphold IDEA
standards and to provide guidance for evaluating some metrics of interest in order to
measure progress.

This document will remain publicly available (on the IGS IDEA page — https://geodesy.
science/idea/working-groups/igs/), ensuring transparency and accountability in our
efforts to create a diverse, equitable, inclusive, and accessible environment for all members,
eventually benefitting our mission and the scientific community and society as a whole.
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