











Abstract

Applications of the Global Navigation Satellite Systems (GNSS) to Earth Sciences are
numerous. The International GNSS Service (IGS), a federation of government agencies,
universities and research institutions, plays an increasingly critical role in support of
GNSS-related research and engineering activities. This Technical Report 2011 includes
contributions from the IGS Governing Board, the Central Bureau, Analysis Centers,
Data Centers, station and network operators, and others highlighting status and
important activities, changes and results that took place and were achieved during 2011.

This report is available online as PDF version at
ftp://igs.org/pub/resource/pubs/2011 techreport.pdf.

The IGS wants to thank all contributing institutions operating network
stations, data centers or analysis centers or supporting the IGS in any other
form. All contributions are welcome. They guarantee the success of the IGS
also in future.
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1 Introduction

Although no technical report was published for the past few years, the 1GS is continuing
its success in many areas — in no small measure due to the collaborative e [ants of more
than 200 organizations and institutions worldwide. The IGS continues — inline with
its mission — to serve as the premier source for high—quality GNSS data, products and
services in support of a wide area of applications that benefit society. The quality of data,
products and services are continuously improved by extending and upgrading the tracking
network, implementing improved models and analysis strategies, performing consistent
data reanalysis, increasing redundancy in the production chain, amongst other things.
The IGS is taking up the challenges of the future — it is finalizing a global real time
product, takes leadership for the maintenance and development of RINEX, and prepares
for the changing GNSS landscape characterized by new constellations and signals through
its Multi-GNSS Experiment.

2 IGS Activities reflect Strategic Goals

The work of the components of the IGS is guided by the strategic goals that are defined
in the Strategic Plan 2008-2012.

Deliver world-standard quality GNSS data and products to all users globally with
leading—edge expertise and resources.
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IGS site guidelines were revised and are under review. Site tie problems related to un-
calibrated radomes are being addressed by the Infrastructure Committee with dedicated
experiments. The quality of the 1GS products is continuously increasing by implementing
the most up—to—-date models and analysis strategies. For example, all IGS tracking data
were reprocessed with the latest models, and a second reprocessing campaign is in prepa-
ration. The IGS is preparing for the launch of a Real-Time Service to serve real time
applications. IGS installed a joined RTCM/RINEX Working Group and assumes leader-
ship for maintenance and development of the RINEX format. The TIGA Pilot Project
transitioned into a Service that is providing products on a regular basis.

Develop, integrate, and participate with new and changing GNSS systems and
understand user needs to continuously improve IGS services and to provide value
to a broad range of users.

The IGS issued a Call for Participation for the Multi-GNSS Experiment in order to
investigate the new tracking data types and equipment, with a view to eventually upgrade
the 1GS network to a multi-GNSS network. A link with JAXA’s Multi-GNSS Monitoring
Network was established. Furthermore the IGS is involved in the International Committee
on GNSS (ICG) and contributes significantly to the Global Geodetic Observing System
(GGOS).

Continuously improve the e [eckiveness of 1GS management and governance to
support future growth.

The IGS continues to engage with professional organizations such as, e.g., the Interna-
tional Federation of Surveyors (FIG), and with experts from the geosciences and physical
sciences, in particular through its Working Groups. The IGS web site is being upgraded,
and web interfaces increase e [ciehcy in collecting and handling external input.

3 Events and Highlights in 2011

A major challenge is the transition of the IGS to a truly Multi-GNSS Service. The
GNSS landscape is rapidly changing. More and more new GNSS systems and signals are
becoming available. To consistently integrate these new systems and signals, to familiarize
with new data formats, and to develop and extend existing analysis software, a Call
for Participation for a Multi-GNSS Global Experiment (M-GEX) was issued in August
2011 (IGS Mail 6459, ftp://igs.org/pub/resource/pubs/1GS M-GEX VF.pdf), soliciting
the installation of multi-GNSS observing sites, operating data centers, and performing
experimental analysis. The experiment is linked to the JAXA CfP for hosting sites for
a Multi-GNSS Monitoring Network. It is initially planned to run from February 2012
to August 2012. First results will be presented at the IGS Workshop in July 2012. The
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experiment is managed by the IGS GNSS WG chaired by Robert Weber. Eventually the
experimental sites could form the core of a multi—-GNSS IGS network.

Real-time GNSS has been a goal of IGS strategy for more than 10 years, in the context
of providing innovative support for scientific applications and performance monitoring of
GNSS. The IGS Real-Time Working Group was established in 2001, and in 2007 a CfP
in the IGS Real-Time Pilot Project (RT-PP) was announced. By the end of 2011, 188
stations were participating in the RT—PP. In order to develop and maintain standards
for GNSS data and develop formats for real-time GNSS, the IGS in 2008 joined the Ra-
dio Technical Commission for Maritime Services Special Committee 104 (RTCM-SC104).
At its December 2010 meeting the 1GS Governing Board acknowledged the e [onts of the
RT-PP participants and approved the transition of the Pilot Project into a Service. Prepa-
rations for launching the IGS Real-Time Service in 2012 commenced in 2011, with a focus
on product quality and service reliability. The rationale for an open real time service
is to support public benefit applications such as geophysical hazard detection and warn-
ing systems, conventional weather and space weather forecasting, and GNSS performance
monitoring.

In December 2011, following a decision at the April IGS Governing Board Meeting, a joint
IGS/RTCM-SC104 RINEX Working Group chaired by IGS was established in order to
assume leadership in the maintenance and further development of the RINEX data format.
Main tasks of the WG chaired by Ken MacLeod are: to establish RINEX 3 as a standard
for new signals and GNSS systems, to develop and implement a transition plan to the new
format, and to encourage and support the development of open software tools for data
handling and quality control.

At the December 2010 meeting the IGS Governing Board approved the transition of the
GPS Tide Gauge Benchmark Monitoring Pilot Project (TIGA-PP) into a Working Group
computing precise geocentric station coordinates and velocities for GNSS stations at tide
gauges on a regular basis. In February 2011 a CfP was issued (IGS Mail 6341, http:
//www.igs.org/projects/tiga/TIGA _CFP_2011.pdf). A total of eight proposals were
received, and approved by the Governing Board following its April 2011 meeting. The
chair of the TIGA WG is Tilo Schone.

As Troposphere WG chair, Yoaz Bar-Sever was responsible for the generation of a high
quality precise point positioning (PPP) based IGS troposphere product for many years.
After extensive testing, the responsibility for the production of this product transitioned
from JPL to USNO (IGS Mail 6443) in July 2011. The new chair of the Troposphere WG
is Christine Hackman.

In July 2011 the IGS Governing Board received a proposal from U.S. National Geodetic
Survey (NGS) for a continuation of the Analysis Center Coordinator (ACC) function —
one of the most important functions in the 1IGS — for another term. The willingness
of NGS to contribute three FTE stal_fbr four years was greatly appreciated and the
proposal enthusiastically accepted by the GB, also acknowledging the unwavering e [ants
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of Jim Ray and Jake Gri in the service of the IGS. The IGS’s gratitude for this
significant commitment was conveyed to NGS management during a visit by Ruth Neilan,
Gerhard Beutler and Urs Hugentobler to NGS headquarters in Silver Springs, Washington
D.C., in November 2011.

The IGS is well represented on the GGOS Coordinating Board. The IGS also plays a lead-
ership role in the International Committee on GNSS (ICG), in particular by co—chairing
Working Group D on Reference Frames, Timing and Applications and participating in the
planning for the International GNSS Monitoring and Assessment System (iGMAS). The
IGS is also well-represented in the International Earth Rotation & Reference Systems Ser-
vice (IERS) and in IAG Sub—-Commission 1.2 on reference frames, in the RTCM SC104,
and others. GB members made presentations at conferences such as the FIG Working
Week in Marrakech (May 2011), AfricaGEO in Capetown (May 2011), Southeast Asian
Surveyors Congress in Kuala Lumpur (June 2011), GNSS-R Workshop in Shanghai (Au-
gust 2011), ICG-6 Meeting in Tokyo (September 2011) among others, highlighting the
mission and goals of the IGS and its range of products to a broader audience. The IGS
was also given visibility as session organizers of, or presenters in, IGS-related sessions at
conferences such as those of the EGU, IUGG, AGU. Tables 1 and 2 list the important
events for 2011 and — for reference — for 2010.

4 Changes in the IGS Governing Board 2011

Significant changes took place in the Governing Board over the last year or so. After the
elections at the end of 2010, Carine Bruyninx (Royal Observatory of Belgium), joined the
GB at the beginning of 2011 as Network Representative. Henno Boomkamp (chair of the
dissolved LEO WG) left the Board at the end of 2010. At the GB meeting in December
2010 als Urs Hugentobler was elected as the new Chair of the GB for the term 2011-2014.
Chuck Meertens (UNAVCO) joined the Board as an Appointed Member in February 2011.
With the transition of the generation of the IGS Troposphere product from JPL to USNO
in July 2011, Yoaz Bar-Sever left the Board after chairing the Troposphere WG since 2003,
and Christine Hackman (USNO) joined the Board as the new chair of the WG. During
the IUGG General Assembly in Melbourne, the IAG appointed Zuheir Altamimi as the
IAG Representative on the IGS GB. Geo [Blewitt, the former IAG Representative and a
member of the IGS GB for a total of 14 years, left the Board while Zuheir, already a regular
guest, joined the Board as a voting member. Chris Rizos has been an Appointed Member
since 2004, however he is now a member of the GB in his capacity as IAG President. In
September 2011 Yamin Dang, from the Chinese Academy of Surveying and Mapping, was
appointed to the Governing Board.

In the GB elections at the end of 2011 — conducted by Richard Wonnacott together with
Carine Bruyninx and Carey Noll — Shailen Desai (JPL) was elected and Tim Springer
(ESA/ESOC) was re—elected as Analysis Center Representatives for 2012-2015. Shailen
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Table 1: IGS events in 2011

February 2 TIGA Call for Participation issued

February 2 Chuck Meertens, director of the UNAVCO facility, appointed to the Governing
Board

April 3 38th GB Meeting in Vienna (EGU)
June 30 GB Business Meeting in Melbourne (IUGG)

June Transition of production of IGS Troposphere product from JPL to USNO, Christine
Hackman is new Chair of the Troposphere WG and member of the IGS GB

July 5 NGS proposal received
August 31 M-GEX Call for Participation issued

September 10 Yamin Dang, director of the Institute of Geodesy and Geodynamics at
Chinese Academy of Surveying and Mapping, appointed to the Governing Board
December 4 39th GB Meeting in San Francisco (AGU)

e Election of Shailen Desai, JPL, and re—election of Tim Springer, ESA/ESOC,
as Analysis Center Representatives

« Installation of the joint IGS/RTCM RINEX Working Group, chaired by Ken
MacLeod

Table 2: IGS events in 2010

June/July IGS Workshop in Newcastle 28.6.-01.7.2010

June 36th GB Meeting associated with Workshop in Newcastle
 New WG on Space Vehicle Orbit Dynamics, chaired by Marek Ziebart
* WG on Low Earth Orbiters dissolved
December 37th GB Meeting in San Francisco
e Election of Urs Hugentobler as new Chair of the IGS GB
» Election of Carine Bruyninx as IGS Network Representative

December IGS Terms of Reference revised in order to better represent the current IGS
organization and Strategic Plan. Approved at the 37 GB Meeting (http://www.
igs.org/organization/1GS_ToR_2010 final.pdf)
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replaces Bob King, chair of the Scientific Organizing Committee of the IGS Workshop in
Newcastle 2010, who left the Board at the end of 2011. Ken MacLeod joined the Board
as chair of the newly formed IGS RINEX WG. Jim Ray left the Board after doing an
excellent job as ACC from 2008-2011. Jim Ray was succeeded by Jake Gri [1hd.

John Dow stepped down as the chair of the GB (2003-2010) after serving the IGS GB
since its start on January 1, 1994. John must take the major credit for the current healthy
state of the IGS. Last but not least, Gerhard Beutler left the Board after shaping the 1GS
from its very beginning. He has contributed in many ways to the success of our Service.
The IGS would not be where it is without the wisdom and insight — and the hard work
— of Gerhard over these many years.

The Governing Board welcomed its new members and thanked the departing members
for their contributions to the steering body of the IGS. The IGS is fortunate to have
highly qualified and engaged individuals who contribute to our Service. The departing GB
members were honoured at the GGOS reception after the IGS Governing Board meeting
in San Francisco in December 2011.

5 Outlook

The year 2012 again promises a number of highlights. Most important is the 1IGS Work-
shop organized at the University of Warmia and Mazury in Olsztyn, Poland, from July
23-27, 2012. The Scientific Organizing Committee is chaired by Shailen Desai with sup-
port from Bob King, Matt King and Andrzej Krankowski, who is also the chair of the
Local Organizing Committee. A major focus of the Workshop is the IGS Multi-GNSS
Experiment. First results will be presented and future directions defined.

In the second half of 2012 Initial Operational Capability for the new IGS Real-Time
Service will be declared. The new open service will support applications that detect,
for example, in real time, motions that are precursors to natural hazards such as land-
slides, volcanic activity and tsunamis. Other applications may include GNSS integrity
monitoring, weather forecasting, space weather monitoring and low Earth satellite orbit
determination. Finally, preparations for a second reanalysis campaign are underway.

Twenty years after the installation of the IGS Pilot Service on June 21, 1992, the IGS con-
tinues to be at the forefront of high precision GNSS applications in a challenging, rapidly
changing environment. This is only possible with the strong involvement of individuals,
and the commitments of many institutions and organizations worldwide. The IGS GB
wishes to thank all IGS Associates for their invaluable e Lorts in supporting the goals of
the IGS. Special thanks go to the numerous site operators who take care that the 1GS
network — our foundation component — continues to provide the highest quality GNSS
tracking data to all users.
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Table 3: IGS Governing Board Members 2011 ([lvoting members, EC: Executive Committee)

Member Institution Country Function
[Urs Hugentobler | Technische Universitat Germany Board Chair, Analysis
(EC) Minchen Center Representative
[ZLiheir Altamimi Institut National de France IAG Representative
since July 2011 I'Information Géographique
et Forestiére
Felicitas Arias Bureau International des France BIPM/CCTF
Poids et Mesures Representative
Yoaz Bar-Sever Jet Propulsion Laboratory USA Troposphere WG Chair
until July 2011
[Qerhard Beutler Astronomical Institute Switzerland | Appointed by IAG
until July 2011 University of Bern President
[deo [Blewitt University of Nevada USA IAG Representative
until July 2011
[dlaude Boucher Institut National de France IERS Representative
I'Information Géographique
et Forestiére
[Garine Bruyninx Royal Observatory of Belgium Network Representative
since start of 2011 Belgium
Mark Caissy Natural Resources Canada Canada Real-Time WG Chair
[Yhmin Dang Chinese Academy of China Appointed
since Sept 2011 Surveying and Mapping
John Dow (EC) ESA/European Space Germany Immediate Past GB Chair
until end of 2011 Operations Centre
[(Bruno Garayt Institut National de France Reference Frame
I’Information Géographique Coordinator, I1GS
et Forestiere Representative to 1AG
Sub-commission 1.2
Christine Hackman United States Naval USA Troposphere WG Chair
since July 2011 Observatory
[dary Johnston Geoscience Australia Australia Network Representative
[Bob King Massachusetts Institute of USA Analysis Center
until end of 2011 Technology Representative
Andrzej Krankowski | University of Warmia and Poland lonosphere WG Chair
Mazury in Olsztyn
Ken MacLeod Natural Resources Canada Canada IGS/RTCM RINEX WG
since Dec. 2011 Chair
[Ghuck Meertens UNAVCO USA Appointed
since Feb. 2011
[Rluth Neilan (EC) IGS Central Bureau, Jet USA Director of IGS Central

Propulsion Laboratory

Bureau, Secretary
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Member Institution Country Function
[darey Noll Goddard Space Flight Center | USA Data Center Representative,
Data Center WG Chair
CIhmes Park Korean Astronomy and South Korea | Appointed
Space Science Institute
[1m Ray NOAA National Geodetic USA Analysis Center
until end of 2011 Survey Coordinator
[ Ghris Rizos (EC) University of New South Australia President of IAG
Wales since July 2011
before: appointed
Ignacio Romero ESA/European Space Germany Infrastructure Committee
Operations Centre Chair
Stefan Schaer Federal O [cebf Topography | Switzerland Bias and Calibration WG
Chair
Ralf Schmid Technische Universitat Germany Antenna WG Chair
Miinchen
Tilo Schéne Deutsches Germany TIGA WG Chair
GeoForschungsZentrum
Potsdam
[Ken Senior Naval Research Laboratory USA Clock Product Coordinator
[Tim Springer (EC) ESA/European Space Germany Analysis Center
Operations Centre Representative, 1GS
Representative to IERS,
Chair of Associate Members
Committee
Robert Weber Vienna University of Austria GNSS WG Chair

[Rlichard Wonnacott

Marek Ziebart

Technology

Chief Directorate: National
Geospatial Information
University College London

South Africa

UK

Appointed

Space Vehicle Orbit
Dynamics WG Chair

10




IGS Technical Report 2011
Central Bureau

S. Fisher, R. Neilan, R. Khachikyan, G. Walia and D. Maggert

IGS Central Bureau

Jet Propulsion Laboratory, M/S 238-540

4800 Oak Grove Drive; Pasadena, CA 91109-8099 USA
E-mail: cb@igs.org

1 Introduction

The Central Bureau supports IGS management proactively focusing on two principal func-
tions:

1. executive management of the service, including international coordination and out-
reach, and

2. coordination of IGS infrastructure, including the IGS tracking network and related
information management systems.

The Central Bureau is hosted at the California Institute of Technology/Jet Propulsion
Laboratory and is funded by NASA.

2 Central Bureau Stal1

Internal sta [Ccbnsists of 1.75 full time equivalent (FTE) positions, including the Director,
the Operations Manager, plus Information Technology and Administrative sta C_Trechnical
support services are provided by Raytheon, Inc. and UNAVCO, Inc., which provide an
additional 1.0 FTE in aggregate. In 2011, we have realigned NASA resources at UNAVCO
to more e [edtively support IGS network monitoring and management. This has resulted
in a better leveraging between NASA/IGS and U.S. National Science Foundation (NSF)
activities, especially regarding backend systems for network monitoring and data/product
access. As part of this realignment, UNAVCO has been providing significant help in
maintaining the Central Bureau Information System (CBIS) and interfacing with users,
as well as providing an independent backup outside of the CB for handling routine CBIS
operations such as keeping station logs and equipment files updated.

11
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3 IGS Executive Management

The Central Bureau has continued providing highly e [edtive leadership of the IGS under
the direction of the Governing Board, maintaining IGS as the gold standard for high-
precision GNSS data and information. This CB role involves administering and sup-
porting Governing Board activities; providing business strategy and leadership to all of
the IGS components; developing strategy and formulating policy; planning and manag-
ing IGS functions such as workshops, Governing Board Meetings and outreach events in
cooperation with external organizations; participation on 1IGS Working Groups and Com-
mittees; managing relations with stakeholders at all levels, including the GB, components,
participants and users; developing IGS membership and the Governing Board; oversee-
ing community and public relations; and handling the day-to—day operation of the 1GS
involving more than 200 organizations and thousands of users.

4 International Coordination and Outreach

The CB coordinates extensively with many external organizations to promote the IGS and
develop key partnerships with participants and users. This has continued as a hallmark
activity in 2011 that has demanded significant e [anit on the part of the Central Bureau,
as well as the Governing Board. Driving this is an expanding participant and user base
as the service continues to mature. 2011 is highlighted by the following coordination and
outreach activities:

International Association of Geodesy/Global Geodetic Observing System
(IAG/GGOS): Central Bureau Director is a Coordinating Board Member. The
Operations Manager participates on the GGOS Bureau for Networks and Commu-
nications.

United Nations/International Committee on GNSS (ICG):
Working Group D on reference frames and timing applications is chaired by the
IGS CB Director who is also participating in planning of the International GNSS
Monitoring and Assessment System (iGMAS). The 6th ICG Meeting in Tokyo was
attended by the CB Director.

International Earth Rotation & Reference Systems Service (IERS):
The Operations Manager participates on the IERS Directing Board.

Radio Technical Commission for Maritime Services, Subcommittee on Di Lerkntial
GNSS (RTCM/SC104): The Operations Manager coordinates the IGS RTCM
membership and participates as a voting member. The CB Director is also a voting
member.

12



6 Network Status

International Federation of Surveyors (FIG):
The CB Director participated in FIG Working Week in Marrakech, Morocco (May
2011) to reach out to this significant user community, and also potential large station
contributor.

Additionally, the AfricaGEO in Capetown, the International Council of Science/World
Data System Meeting in Paris, the European Geophysical Union Meeting in Vienna, the
International Union of Geodesy and Geophysics Meeting in Melbourne, the Institute of
Navigation in Portland and the American Geophysical Union Meeting in San Francisco
were attended by CB stal ]

5 IGS Infrastructure Management

The Central Bureau’s role in infrastructure management involves coordination of the 1GS
network, management of the Central Bureau Information System (CBIS) and coordination
with other IGS infrastructure components, including the Data Centers, Analysis Centers
and all Working Groups. In 2011, CB stal_thembers have participated in activities of
principal 1IGS committees and working Groups, including the Executive Committee, the
Infrastructure Committee, the Antenna Working Group, the Reference Frame Working
Group and the Real Time Pilot Project. The CB has been responsible for providing first
level support to all 1IGS users, typically handling between 60-100 inquiries per month.
A growing aspect of the CB is the IGS Institute, which is a non—profit corporation that
provides business infrastructure and support to the IGS. The IGS Institute has supported
the 1GS website hosting and development, provided meeting conference services, provided
teleconferencing services, and has supported travel for IGS participation in key events.

6 Network Status

At the end of 2011, there were 436 GNSS tracking stations within the IGS network (Fig-
ure 1). Approximately 70% of these provide data on a weekly or more frequent basis
and are included in IGS weekly combination solution. Many IGS Network stations have
multiple capabilities to support a range of applications. 141 stations deliver GLONASS
data in addition to GPS to support the generation of the IGS GLONASS orbit product.
134 stations are co—located with external high—precision frequency standards and are used
in production of the 1GS clock products. A subset of the network provides meteorological
data used in the generation of the IGS troposphere product. 188 stations provide data
in real-time to support emerging low latency applications. There are additional stations,
not considered I1GS network stations, being used experimentally by IGS Clock, Real-Time
and Tide Gauge projects. In all, almost 700 stations are used by IGS Analysis Centers.

13
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Figure 1: IGS Global Tracking Network as of December 2011. New Stations introduced during
2011 are depicted in red.

A complete listing of IGS network stations and related information can be found online
at: http://igs.org/network/netindex.html.

A number of IGS stations are co—located with other geodetic technigues to promote combi-
nation and inter—comparisons of products and systems. The number of these has remained
unchanged since 2010; 25 stations are collocated with VLBI, 37 with SLR, and 55 with
DORIS. Accuracy of the tie surveys between the di Lerent observing systems remains a lim-
iting factor in the ITRF realization. This is being addressed within the International Asso-
ciation of Geodesy, Global Geodetic Observing System (IAG/GGOS) Bureau for Network
and Communications (BNC), where the Central Bureau participates, and by a nhumber of
agencies which participate in IGS.

There are 63 stations categorized as dormant, meaning we have not received data for
60 days or more. Eighteen of these are NGA stations (9 sites > 2 receivers) and 27 are
longer—term outages that we may consider reassigning to the "former™ category. Delays
in data deliveries are expected for various reasons at all of the remaining 18 sites in this
category.

The NGA stations were upgraded with un—calibrated ITT equipment in 2010 and have
since been o [ind. We have received the complete configuration history since they were
upgraded, which is currently being logged and verified. We are awaiting the final absolute
calibration of the ITT antenna by NGS, though we plan to make data available to be
used experimentally as soon as we have verified site metadata and RINEX files. Full
reinstatement of ten (9 plus one additional) stations is dependent on receiving the antenna
calibration data. Backfilling of the backlogged data will occur over a slightly longer term.

Concerns about deterioration of the IGS network have arisen because a significant number
of the 232 1GS08 stations are being excluded from the weekly ITRF solutions. This is

14
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what we can explain about the exclusions in week 1637:
232 1GS08 Stations
141 Stations in weekly ITR solution
91 Exclusions:
10 Former sites (all were declared former prior to 1GS08 release)
2 Replaced with nearby station (prior to 1GS08 release)
9 Nearby earthquake
7 Upgraded with uncalibrated antenna/radome
16 High residual on equipment change
32 Short-term data outage (most common) or unexplained
15 Degraded fit with 1GS08 for unknown reason

Stations excluded because degraded fit with 1GS08 or high residual on an equipment
change must be looked into further with help from the Analysis Centers.

7 Site Guidelines

The CB has helped the IC in revising on the IGS Site Guidelines to reflect currently rec-
ommended best practices. The new Guidelines include procedures for upgrading station
equipment, prescribing periods of operation where old and new equipment are operated
simultaneously to assure that discontinuities are properly mapped. In addition, stricter
antenna requirements have been introduced as recommended during the 2008 1GS Work-
shop, and guidelines for real-time stations were added. The IGS Governing Board has
provisionally accepted the new guidelines and plans to formally adopt them by mid-2012
after comments by the broad 1GS community are integrated. Once completed, the new
guidelines will be posted on the IGS website.

8 Real-time Project

The CB has participated in the real-time working group, helping to coordinate some
activities, especially the participation in RTCM, where standards for data and correction
formats are being addressed to assure that the RTCM remains fully compatible with
RINEXv3.01. In support if real-time e Lants, an Ntrip caster has been implemented on the
CBIS — see http://igs.org:2101/home. We currently have 189 stations participating
in the Real Time Pilot Project. The strategy for developing an 1GS real time product is
discussed further in the RT Working Group report below.
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9 Multi-GNSS Project (M-GEX)

A focused Multi-GNSS experiment called M-GEX is being fully supported by the CB,
including developing the project website and verifying the new site logs and data files.
A call to participate in was circulated in June by the Multi-GNSS Working Group (see
IGSMAIL #6459 and ftp://igs.org/pub/resource/pubs/1GS M-GEX VF.pdf). This was
developed to establish a data set of new GNSS signals, including the Russian GLONASS,
the Japanese QZSS, European Galileo, and Chinese Compass, available for experimen-
tation. The project is to run from February to August 2012. Participating stations are
anticipated to eventually form the core of a multi—-GNSS IGS network and service. Details
relating to the M-GEX project are discussed further below and are available online at
http://igs.org/mgex/.

10 Radome Experiment

Along with the Infrastructure Committee, the CB is helping to coordinate the Radome
experiment. Radomes at twenty IGS stations that are co located at SLR or VLBI sites
have not been calibrated to IGS standards. Station operators were asked to participate in
an experiment to assess the e [edts of these radomes by removing them for a two—-month
period during 2011. Six stations have been able to respond so far, though the experiment
will continue into 2012 to allow more time for additional stations to participate.

See: https://sites.google.com/a/igs.org/igsnet/infrastructure-committee/
radome-experiment-2011.

11 Central Bureau Information System (CBIS)

The Central Bureau Information System (CBIS) is the primary information portal for the
IGS. It contains information about the 1GS organization, network, data and products. The
CB is charged with keeping all information up to date, including IGS membership, working
group and Governing Board Information, the 1GS equipment files, process descriptions,
publications, the analysis summary files and reports and station logs. To improve capture
and availability of network related information, backend systems that manage network
information and QC information are being redesigned in 2011.

All site log meta data are now imported into the Site Log Manager database, which is
operating in a test mode. Though not fully operational yet, this is already facilitating im-
provements in site meta data accuracy. Consistency of site metadata contained on station
logs and RINEX headers has been continuously monitored through the year. Typically,
there are just a few inconsistencies at any given time, which are normally resolved within
days.
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A prototype IGS network interface is operating at http://network.igs.org/ which is
intended to provide better access to station meta data and QC information. This e [ant is
being conducted using NASA funds at UNAVCO, leveraging related activities funded by
NSF.

Network performance monitoring reports, similar to the summary reports at the EUREF
website that give an aggregate view of the network (threshold compliance, availability,
etc.), are being worked on now and will soon be available on the web.

E [orit to update site photos has so far resulted in 132 stations submitting new photos in
the desired format. The new photos have been posted on the site pages on igs.org.

We have received estimates from two commercial web design firms to implement the front-
end part of a new IGS website, which will require significant resources to accomplished.
Funding is being sought.

Network monitoring and other information is summarized for internal IGS use online at:
https://sites.google.com/a/igs.org/igsnet/igs-net.

12 Meetings Attended

A significant number of meetings and workshops were attended by IGS participants
in 2011. A listing of these is available online at http://igs.org/events/.

Publications

2009-2011 IERS Annual Report.

In addition, many papers, articles and presentations relating to IGS were published or
presented by IGS participants in 2011. A partial listing of these is available online at
http://tinyurl.com/1GS-bibli.

17



Fisher et al.: Central Bureau

18



Part 11

Analysis Centers

19






Analysis Center Coordinator

IGS-Chair: U. Hugentobler

ACC 2011: J. Ray and J. Gri

ACC 2012: J. Gri and K. Choi
igs.acc@noaa.gov

1 ACC Activities

IGS products were combined 2011 without interruption. Product flow and quality were
continuously monitored and systematically validated. Contact to the Analysis Centers
was kept with intensive exchange through the 1GS-ACS mail exploder and personal com-
munications. Significant e Lant was spent for maintaining the ACC’s web pages and with
answering frequent questions of users. The ACC was present at scientific conferences
(EGU April 2011 and AGU Dec. 2011) with presentations related to IGS products, their
quality and issues. Important issues discussed in presentations, at AC splinter meetings
and e-mail exchange were over-constrained parameters, draconitic anomalous frequencies,
tidal aliasing, handling of satellite attitude for clock parameter estimation, low number of
Analysis Centers providing clock solutions for the IGS Ultra Rapid solution.

In 2011 the switch to the reference frame 1GS08 took place after dedicated testing cam-
paigns and with distributing associated information to the users. Two Analysis Centers
started to generate GLONASS products while one center stopped. Contacts with the
GNSS Research Center at Wuhan University - proposing to install a new Analysis Cen-
ter - were established. The results of the first reprocessing campaign were finalized and
preparations for a second reprocessing campaign were initiated.
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2 1GS Product Quality

Table 1 gives an overview of the estimated quality of the IGS core products at the end
of 2011. Consistency of IGS orbit and satellite clock corrections is illustrated in figure 1,
consistency of pole coordinates and length of day estimates in figures 2. Details can be
found at the Analysis Center Coordinator’s home page http://acc.igs.org/, in 1GS
Mail #6053 (http://igscb.jpl.nasa.gov/mail/igsmail/2010/msg00001.html) and in
various presentations listed below. Information about performance of station clocks can
be found in IGS Mail #6511 (http://igscb.jpl.nasa.gov/pipermail/igsmail/2011/
006503.html) and references therein.

Table 1: Quality of the IGS core products at end of 2011 (see http://acc.igs.org/erp/
egul2-igu-erps.pdf)

Output
Series ID | Product Type Accuracy Interval Update Latency
Ultra-Rapid IGU | GPS orbits 5cm (1D) 15 min every 6h 39 h
(predicted) GLONASS orbits 10 cm (1D) 15 min
GPS satellite 3 ns RMS, 15 min
clocks 1.5 ns Sdev
EOPs 250 tas (PM) 6h
50 ts (dLOD)
Ultra-Rapid  IGA | GPS orbits 3 cm (1D) 15 min every 6h 3-9h
(observed) GLONASS orbits 5 cm (1D) 15 min
GPS satellite 150 ps RMS, 15 min
clocks 50 ps Sdev
EOPs <50 tas (PM) 6h
, 10 ts (dLOD)
Rapid IGR | GPS orbits 2.5 cm (1D) 15 min daily 17-41h
GPS satellite & 75 ps RMS, 5 min 17 UTC
station clocks 25 ps Sdev
EOPs <40 tas (PM) daily
10 ts (dLOD)
Final IGS | GPS orbits 2.5 cm (1D) 15 min weekly 11-17d
GLONASS orbits <5 cm (1D) 15 min each
GPS satellite & 75 ps RMS 30 s (SVs), | Thursday
station clocks 20 ps Sdev 5 min (sta)
EOPs <30 tas (PM) daily
10 ts (dLOD)
Terrestrial frames 2 mm N&E, weekly
5mmU
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Figure 1: Comparison of the GPS satellite related IGS final products with the AC contributions.
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AC Final X-Pole Differences with IGS Final

o PN RTRINY. Y — cop
-1+ b e Lk e e p — EMR
2+ Pt e - . — ESA
7 3 — S
@
E
o 4 -
g
o | A " "
g ’MW A Y i ot~ (— IPL
o 64 Ty “ bt | — MIT
s i [
% 7M i Pl btk —NGs
9 ‘ | ‘ l — IRF
960 10‘00 11‘00 1200 1300 1400 1500 1600
Time [GPS weeks] i o
(a) X-pole dilerknces between IGS Analysis Centers.
AC Final Y-Pole Differences with IGS Final
o4 u'uLJM'ﬁhrv_' ety — cop
-1+ e h e LIRS U — EMR
-2 i Ml V)M" s # — ESA
7T 3 B e e +
T
s T
@ 4 ot L
o
8 P A :
g 5 e " —JPL
S st [ W —MIT
o
a
> 7~w W‘r e - [— NGS
B — g gt o L AL
I/ I
9 1 i — IRF
-10 MMMWW - —IGR

T T
900 1000 1100 1200 1300 1400 1500 1600
Time [GPS weeks]

NOAA NGS, 30.06.2012 19:21 (GMT)

(b) Y-pole dilerences between IGS Analysis Centers.

(c) Length of Day di[erknces between IGS Analysis Centers.

Figure 2: Comparison of the IGS final products with the AC contributions for the Earth rotation
parameters.
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