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Abstract The International GNSS Service provides data
and products to support a wide range of global, multidisciplinary scientific research. The service has established a
hierarchy of components to facilitate its mission: a globally
distributed network of Tracking Stations, Data Centers, Analysis Centers, a Central Bureau, and a Governing Board. The
Data Centers, in conjunction with the Central Bureau, serve
as the primary means of distributing GNSS data, products,
and general information to the user community through ftp
and Web servers and email services. The requirements of analysis centers and the scientific community have evolved over
the lifetime of the IGS, requiring enhancement and extension
of the supporting data center infrastructure. The diversity of
IGS data and products extends today from the realm of the
real-time and near real-time to the long-term archive and
thus forms a basis for multidisciplinary research spanning
decades. Reliability of all components is a key requirement
within the IGS and is accomplished through the geographic
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distribution of data centers and the creation of independent,
redundant, parallel channels for the transmission of data and
products. We discuss the development of the IGS data infrastructure, current status, and plans for future enhancements.
Descriptions of IGS data and products and associated metadata are also included.
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1 Introduction
The International GNSS Service (IGS), formerly known as
the International GPS Service for Geodynamics and the International GPS Service, was established in 1992 to provide
precise products from a global network of GPS receivers
to further research in Earth science, multidisciplinary applications, and education (Dow et al. 2005). At that time, the
IGS was the first such service established under the umbrella
of the International Association of Geodesy (IAG) and in
that role, paved the way for the other services that followed:
the International Laser Ranging Service, ILRS (Pearlman
et al. 2002), the International VLBI Service for Geodesy and
Astrometry, IVS (Schlueter et al. 2002), and the International
DORIS Service, IDS (Tavernier et al. 2006). These services,
operating as cooperative “federations”, contribute to the activities of the International Earth Rotation and Reference Systems Service (IERS) for the realization and maintenance of
the International Terrestrial Reference Frame (ITRF). They
are examples of a successful model of self-regulating community management, where standards are developed, performance is monitored throughout the various levels of
operation, and products are defined and delivered using
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pre-determined schedules. Standards, both techniquespecific and cross-disciplinary, in data and product generation are utilized throughout all levels in each of the services.
The strong cooperation of the many international organizations is the main reason the IAG services have been so successful, leveraging their respective limited resources to all
levels of service operation. In the nearly fifteen years since
the official start of the operational IGS in 1994, the service
has grown its voluntary federation to include more than 200
agencies worldwide that combine resources to produce the
highest quality products.
The IGS collects, archives, and distributes GNSS observation data sets of sufficient accuracy to meet the objectives
of a wide range of scientific and engineering applications.
The tasks of IGS data, product, and information generation,
maintenance, and dissemination are accomplished through
two major resources:
• A general Web and ftp information site located at the IGS
Central Bureau
• Data Center Web and ftp sites located at globally distributed institutions
Additional resources, such as analysis coordination Web
sites, are also available. The IGS Central Bureau (CB) is
sponsored by NASA and managed for NASA by the Jet Propulsion Laboratory of the California Institute of Technology;
its Web and ftp sites (http://igscb.jpl.nasa.gov and ftp://igscb.
jpl.nasa.gov) are the principal source of general information
about the service and include links and background information about the GNSS technique. The CB also provides extensive information about the IGS network of tracking stations.
The IGS Data Centers are the primary interface to GNSS data
and products for the IGS analysis and general user communities. These centers archive observational data and products,
as well as pertinent metadata.
2 GNSS data
The IGS network consists of geodetic-quality receivers that
track GPS satellites; a subset of the network also tracks GLONASS satellites. These receivers collect and store both pseudorange (code) and phase transmitted by the GNSS satellites
on the L1 (1575.42 MHz for GPS, 1602.00 MHz for GLONASS) and L2 (1227.6 MHz for GPS, 1246.00 MHz for
GLONASS) frequencies. Raw files produced by the receivers provide dual-frequency phase measurements, precise
L1, L2, precise P2, either civilian code (C1) or precise P1
code, and SNR values. Stations store the receiver’s observation data as well as the broadcast orbit information of the
tracked satellites in proprietary formats. Optionally, stations
provide supporting data, such as meteorological parameters,
collected from co-located instruments.
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Raw, receiver-specific formatted data are converted (either
in the receiver or by a data center) to the standard format used
by the IGS, the Receiver INdependent EXchange (RINEX)
format (Gurtner et al. 1989; Gurtner 1994) prior to permanent archive at the Data Centers. Observation, navigation,
and meteorological data files are provided in this common,
ASCII format. The raw data are retained at the station, but
typically not by IGS data centers, should further data analysis be required. To ensure the quality of the network and the
resulting IGS products, all data collected from the IGS sites
must follow established site guidelines (Moore et al. 2004),
which require that complete and correct metadata as specified by the RINEX standard are included in all data files. In
order to minimize storage requirements of the data center
archives, the RINEX data go through a two-step compression process. The first step, applied to the RINEX observation files, compresses the data using algorithms to eliminate
redundant information, recording only variations and reducing the digits of data by taking differences over adjacent
epochs (Hatanaka 1996). Data are further reduced in size by
using the UNIX compression software (available on multiple
platforms) on the observation, navigation, and meteorological RINEX files. Using this two-step process, the size of the
GNSS data files are reduced by a factor of eight, thus decreasing archive file size and file transmission times. Data centers
and users require software available through the IGS Central
Bureau to unpack the resulting files into standard RINEX.
For each IGS daily data product, there is one daily observation and, often, one ephemeris data file for each IGS site,
both sampled at 30 s. The ephemeris data files from all sites
for a given day are merged into a single file, which contains
the unique broadcast navigation messages for all GPS satellites for that day (a similar file is available for GLONASS
satellites). Users can thus download this single file from the
IGS Data Centers rather than all broadcast ephemeris files
from the individual sites. This process has been extended to
hourly data files, where a single file containing all broadcast
navigation messages is formed at the start of the UTC day
and updated on an hourly basis using the 30-s data from sites
transmitting files on an hourly basis.
The Data Centers archive and provide on-line access to the
GNSS data collected by the IGS network. These data available from the IGS are summarized in Table 1. Currently,
three main types of GNSS data files are available per site,
classified by time span: daily, hourly, and 15 min. Daily files
contain 24-h of data with a 30-s sampling interval, where
observations are aligned to epochs :00 and :30 and span
00:00:00 to 23:59:30 in GPS time. These files are transmitted to the IGS archives with minimal delay and are typically
available for download by the user community within a few
minutes to hours following the end of the UTC day. Hourly
files contain 1 h of 30-s sampled data and are sent to the
IGS archives every hour within minutes after the end of the

Development of data infrastructure
Table 1 Summary of GNSS
data available through the IGS
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GNSS DATA
Daily

Sampling
Frequency

30 s
Daily

Number of stations

∼380a

Average archive size

1.65 MB/site/day, 575 MB/day, 225 GB/year

Average delay

2 h to GDC

Format/file types

RINEX observation data
RINEX observation data, Hatanaka compression
RINEX meteorological data
RINEX broadcast ephemeris data
Observation data QC summary

Hourly

Sampling

30 s

Frequency

Hourly

Number of stations

∼220a

Average archive size

825 KB/site/day, 180 MB/day, 65 GB/year

Average delay

5–15 min to GDC

Format/file types

RINEX observation data, Hatanaka compression
RINEX meteorological data
RINEX broadcast ephemeris data

High rate

a

Number of sites archived
varies at each data center; at a
minimum IGS reference sites
are archived at all IGS Global
Data Centers.

Sampling

1s

Frequency

15 min

Number of stations

∼125a

Average archive size

9 MB/site/day, 1.25 GB/day, 450 GB/year

Average delay

5–10 min

Format/file types

RINEX observation data, Hatanaka compression

hour. High-rate data, sampled at 1-s intervals, are transmitted, within a few minutes after the observation interval, in
files containing 15 min of data (at starting minutes within the
hour of 00, 15, 30, and 45).

3 GNSS products
The GNSS data collected by the IGS are utilized by the analysis centers for generation of the IGS core products: precise GNSS satellite ephemerides, station and satellite clocks,
station positions, and Earth orientation parameters (polar
motion and rates, length-of-day) (Dow et al. 2005). Additional products include global ionosphere maps (Pajares et al.
2008), zenith tropospheric path delay estimates (Gendt 1998;
Byun and Bar-Sever 2008), and positions of GNSS sites
co-located with tide gauges (Schöne et al. 2008). A summary
of products available through the IGS is shown in Table 2.
IGS Analysis Centers (ACs) are responsible for generation of the core products on a weekly (final IGS product)
and sub-daily (rapid and ultra-rapid products) basis; there
are currently nine IGS ACs contributing to the final, rapid,

RINEX meteorological data
RINEX broadcast ephemeris data

and/or ultra-rapid products. IGS Associate Analysis Centers
(AACs) are responsible for the derivation of the “non-core”
products. IGS Working Groups and Pilot Projects are formed to address new products and developments related to
the IGS mission; they appoint coordinators who are responsible for defining the new products, seeking and approving
contributors, and eventually generating a combined product.
The ACs and AACs regularly retrieve GNSS data from the
data centers and generate IGS products as defined by the IGS
Terms of Reference and these various IGS product coordinators and approved by the IGS Governing Board. All solutions
are accompanied by summary files provided by the analysis
centers in which they describe their solution methods and
analysis strategies and list processing statistics. Descriptions
of AC analysis procedures and models used are available
from the IGS CB Web site.
The IGS Analysis Center Coordinators (ACCs) retrieve
the individual AC and AAC contributions archived in the IGS
Data Centers and generate a set of combined products that are
considered the official product of the service. The ACCs produce the official IGS GNSS satellite orbits, clock solutions,
as well as the IGS contribution to the ITRF (Earth rotation
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Table 2 Summary of GNSS
products available through the
IGS
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IGS PRODUCTS
Orbit, clock, ERP

Ultra-rapid combination

Rapid combination

Final combination

Positions and velocities

Ionosphere
Rapid combination

Final combination

Troposphere
Ultra-rapid combination
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Product
Format

GNSS satellite ephemerides, satellite and station clocks,
PM, PM rates, and LOD
SP3

Average archive size

175 MB/week

Frequency

Four times/day

Latency

3h

Format

SP3

Sample interval

15 min

Accuracy

<5 cm (orbits), ∼0.2 ns (clocks)

Available at GDCs

Combination only

Frequency

Daily

Latency

17 h

Format

SP3

Sample interval

15 min (orbits) 5 min (clocks)

Accuracy

<5 cm (orbits), ∼0.1 ns (clocks)

Available at GDCs

Combination only

Frequency

Weekly

Latency

∼13 days

Format

SP3

Sample interval

15 min (orbits) 5 min (clocks)

Accuracy

<5 cm (orbits), ∼0.1 ns (clocks)

Available at GDCs

Combination and individual AC solutions

Frequency

Weekly

Latency

12 days

Format

SINEX

Positions accuracy

3 mm (horizontal), 6 mm (vertical)

Velocities accuracy

2 mm/year (horizontal), 3 mm/year (vertical)

Available at GDCs

Combination and individual AC solutions

Average archive size

30 MB/week

Product

TEC grid

Format

IONEX

Frequency

Daily files

Latency

<24 h

Sample interval

2 h; 5◦ (lon) × 2.5◦ (lat)

Accuracy

2–9 TECU

Average archive size

0.7 MB/day

Frequency

Weekly files

Latency

11 days

Sample interval

2 h; 5◦ (lon) × 2.5◦ (lat)

Accuracy

2–8 TECU

Average archive size

1 MB/day

Product

Zenith path delay

Format

SINEX_TRO

Frequency

Weekly

Latency

<4 weeks

Sample interval

2h

Accuracy

4 mm

Average archive size

1.5 MB/week

Development of data infrastructure
Table 2 continued
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IGS PRODUCTS
Final combination

parameters and station positions and velocities). The IGS
final product, delivered on a weekly basis with a delay of up
to 13 days after the final day of the week, is the highest quality
IGS product (Ray and Griffith 2008; Ferland 2004). These
products consist of GNSS satellite orbits, station and satellite
clocks, station positions and velocities, and Earth orientation
parameters (EOPs) created by combining the individual AC
contributions. The IGS rapid orbit and satellite and station
clock combinations are provided daily with a 17-h delay after
the end of the previous day; their quality has now approached that of the final product. The ACC generates the IGS
ultra-rapid product four times per day; this product includes
observed and predicted satellite orbits and clocks. The ionosphere ACC creates a combined global ionosphere map product from individual AAC contributions. The ACCs deliver
these products to the IGS data centers using rigorous schedules for timely dissemination to the larger scientific community as well as the IGS Central Bureau.
The files of IGS products are archived in UNIXcompressed ASCII formats specific to the type of product;
some utilize standard formats adopted by other IAG services.
The Extended Standard Product-3 (SP3c) format (Hilla 2002)
is used for precise ephemeris files. The solutions of station
coordinates are delivered in SINEX (Software Independent
Exchange) format (Blewitt et al. 1995; ftp://igscb.jpl.nasa.
gov/igscb/data/format/sinex.txt). Other products, such as
EOPs, ionosphere maps, and troposphere delays are
archived in formats derived by the working groups and pilot
projects that developed the products themselves. All format
documentation is available through the IGS Central
Bureau.

4 Flow of IGS data and products
The GNSS observation data and analysis products distributed
through the IGS are used in a variety of scientific and engineering applications. The success of the federation-style of the
IAG’s international scientific services is partially due to the
underlying support of their information and archive services.
During the IGS design phases, it was realized that a distributed data flow and archive scheme would be vital to the success
of the IGS. Thus, the IGS has established a hierarchy of data

Frequency:

3-h files by site

Latency:

2–3 h

Sample interval:

1h

Accuracy

6 mm

Average archive size:

1.5 MB/day

Fig. 1 IGS data centers fall into three categories: Operational, Regional, and Global Data Centers (see also Table 3)

centers to distribute data from the network of tracking stations: Operational, Regional, and Global Data Centers. The
data centers are the central source for data to the analysis
centers and products generated by these analysts for the larger user community, including the IERS for generation of the
ITRF. The network of GNSS receivers transmits data to the
data centers where analysis centers interface to retrieve data,
produce products, and transmit products. Finally, the IGS
Central Bureau and Governing Board interface to all groups
responsible for data and information flow. This data, product, and information transmission scheme, shown in Fig. 1,
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provides for an efficient access and storage of GNSS data,
thus reducing traffic on networks, as well as a level of redundancy allowing for security of the data holdings.
4.1 IGS data center hierarchy
The current IGS network consists of over 380 GNSS receivers that collect and relay data through electronic transmission on a continuous basis. Operational Centers are in direct
contact with subsets of tracking sites, for which they typically have some ownership or management responsibility.
Their tasks include station monitoring, data validation, suitable data reformatting into an exchange format (RINEX),
compression of data files, maintenance of a local archive
of the tracking data in its original receiver format and the
exchange format, and the electronic transmission of data in
exchange format to a Regional or Global Data Center. The
Operational Center must download data from the receivers
located at IGS stations on a timely basis (e.g., daily, hourly,
or sub-hourly) without interruption, or as specified to meet
the requirements of at least one type of IGS product.
Regional Data Centers collect tracking data in the IGS
exchange format from several Operational Centers and/or
stations, maintain a local archive of the data received, provide on-line access to these data to the user community of
the region, and transmit data from a subset of their sites
(minimally, IGS reference frame stations) to the Global Data
Centers. The set of stations archived may be either a limited geographic region (e.g., Europe, Australia, etc.), or those
stations managed by the archiving agency.
The Global Data Centers are the main interfaces to the
Analysis Centers and the user community in general. They
receive/retrieve, archive, and provide online access to tracking data provided by the Operational/Regional Data Centers. Although station operators are required to validate data
prior to transmission, data centers at all levels also perform
routine quality control on incoming data as additional prevention of providing bad or corrupt data. At a minimum, Global Data Centers archive 30-s sampling interval data from
IGS sites identified as reference frame stations, those sites
used in the IGS realization of the ITRF. The Global Data
Centers also archive and provide online access to IGS products. The GDCs monitor one another’s archive contents and
exchange data and products as necessary to ensure equalization of required data holdings (e.g., data from IGS reference
frame stations, ACC product combinations). Finally, the data
centers backup and secure their archive holdings of IGS data
and products. The current list of Operational, Regional, and
Global Data Centers is shown in Table 3.
The ideal operational mode for data flow within the IGS
provides for automated push of data from a lower level to
a higher one (e.g., from station to operational data center
to regional data center and finally to a global data center).
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Although not fully implemented throughout the IGS data
center hierarchy at this time, this method provides a level of
assurance that the data provider assumes responsibility for
providing the current version of the data to the archives and
that all data centers contain identical files.
4.2 Data center operation
Four geographically distributed Global Data Centers support
the archiving and access services required by the IGS user
community:
• Crustal Dynamics Data Information System (CDDIS),
NASA GSFC, Greenbelt, MD, USA (Noll and Dube 2001)
(ftp://cddis.gsfc.nasa.gov/pub/gps)
• Institut Géographique National (IGN), Marne-la-Vallée,
France (ftp://igs.ensg.ign.fr/pub/igs)
• Korea Astronomy and Space Science Institute (KASI),
Daejon, Republic of Korea (ftp://nfs.kasi.re.kr)
• Scripps Orbit and Permanent Array Center (SOPAC),
Scripps Institution of Oceanography (SIO), La Jolla, CA,
USA (Jamason et al. 2004) (http://sopac.ucsd.edu; ftp://
garner.ucsd.edu)
CDDIS, IGN, and SIO have provided access to IGS data and
products since the start of the service’s test campaign in 1992.
KASI became an official IGS Global Data Center in January
2006. These data centers use similar archive structures and
consistent data and product file naming conventions.
Users access the active archives of the IGS data centers
through the ftp and http protocols. Using ftp is a practical and
viable option for automated batch downloads of files, provided that a well-defined directory tree and file-naming convention has been implemented and followed at the data center.
Typically, analysis centers and other routine users implement
an ftp method for their day-to-day, automated analysis tasks.
The IGS data centers easily fulfill the requirements of this
user community by simply moving incoming data and product files to the appropriate directories, which are accessible
to the users through anonymous ftp.
However, the automated ftp method is less straightforward
for users unfamiliar with the underlying directory structure,
users simply browsing the archive to search for available
files, or users who need to fetch a particular file but do not
know its corresponding location. For these cases the http
protocol may be the optimal and preferred solution, since
it was primarily developed for interactive web access and
user browsing. Web sites allow users to order and select
the information about available files according to various
specified user requirements. In conjunction with an underlying database that holds complete metadata extracted from
all files in the data center’s archive, dynamic Web sites with
continuously updated information reflecting current holdings

Development of data infrastructure
Table 3 Operational, Regional,
and Global Data Centers
supporting the IGS
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Operational Centers/Operational Data Centers:
ASI

Italian Space Agency

AWI

Alfred Wegener Institute for Polar and Marine Research, Germany

BKG

Bundesamt für Kartographie und Geodäsie, Germany

CNES

Centre National d’Etudes Spatiales, France

DNSC

Danish National Space Center

DUT

Delft University of Technology, The Netherlands

ESOC

European Space Agency (ESA) Space Operations Center, Germany

GFZ

GeoForschungsZentrum, Germany

GNS

Institute of Geological and Nuclear Sciences, New Zealand

GSI

Geographical Survey Institute, Japan

IMVP

Institute of Metrology for Time and Space, Russia

IRD

Institut de Recherche pour le Développement, New Caledonia

OLG

Observatory Lustbuehel Graz, Austrian Academy of Sciences

JAXA

Japan Aerospace Exploration Agency

MAO

Main Astronomical Observatory of the National Academy of Sciences of Ukraine

NICT

National Institute of Information and Communications Technology, Japan

NMA

Norwegian Mapping Authority

PGC

Pacific Geoscience Centre, NRCan, Canada

PGF

Pacific GPS Facility, USA

SWEPOS

Swedish National Network/Lantmäteriet

UNAVCO

University NAVSTAR Consortium, USA

USGS

United States Geological Survey

Regional Data Centers
BKG

Bundesamt für Kartographie und Geodäsie, Germany

GA

Geoscience Australia

NOAA

National Oceanic and Atmospheric Administration, USA

NRCan

Natural Resources of Canada

RDAAC

Regional GPS Data Acquisition and Analysis Center on Northern Eurasia, Russia

TIGA

Tide Gauge Benchmark Monitoring

Global Data Centers
CDDIS

Crustal Dynamics Data Information System, NASA GSFC, USA

IGN

Institut Géographique National, France

KASI

Korean Astronomy and Space Science Institute

SIO

Scripps Institution of Oceanography, USA

can be generated. Establishment and maintenance of dynamic Web sites is a more complex task for IGS data centers, but already in use by some of them. An example of
interactive web-based query for GNSS data holdings of the
Bundesamt für Kartographie und Geodäsie (BKG) (Habrich
2004) data center (http://igs.bkg.bund.de/) is shown in Fig. 2,
and for the SOPAC archive in Fig. 3 (http://sopac.ucsd.edu/
cgi-bin/dbDataBySite.cgi). The BKG web query function
allows users to specify selection criteria that results in a list
of available files. The SOPAC utility provides a percentage
value for the completeness of 24-h RINEX files. Another utility, the Site Information Manager (SIM) (http://sopac.ucsd.

edu/scripts/SIMpl_launch.cgi) allows users to access station
metadata from SOPAC’s database (Fig. 4). Authorized network operators can input or update validated metadata via
the SIM, for example; users are restricted to valid IGS receiver and antenna codes when entering these values. SOPAC
also provides access to various quality control indicators, for
example, a Java applet to display, layer, and manipulate the
daily position time series of IGS and other stations, as analyzed by SOPAC and other analysis centers (http://sopac.ucsd.
edu/cgi-bin/refinedJavaTimeSeries.cgi). Figure 5 shows, for
example, the more than 16-year time series for the Algonquin
Canada IGS site (ALGO).
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Fig. 2 Example of web-based query for GNSS data from BKG data
center. After the user has specified selection criteria, a list of available
files is shown on the Web site. The user confirms files to be down-

C. Noll et al.

loaded from the list and the data center system packs the selected files
into a zip-archive, which could be transferred and saved on the user’s
computer

infrastructure reliability and execute fundamental monitoring of all system components. As an example, at the BKG
regional data center, staff found it very helpful to monitor
the server system performance and the network connectivity
on a regular basis, as shown in Figs. 6 and 7. Monitoring
the network connections to various IGS data centers allows
staff to distinguish between internal and external breaks in
connectivity.
4.3 Data center structure

Fig. 3 Example output of SOPAC data browser for IGS data over a
6-day period in 2007. Clicking on the percent complete value will download the corresponding file

The IGS Data Centers operate continuously, 24 h a day,
7 days a week. To reach optimal performance and reliability, these active archives must take steps to ensure computer
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Although underlying directory structures may differ, the data
centers supporting the IGS follow similar procedures for
receipt and archive of data and products. In general, each
data center functions by implementing the following basic
structural elements: deposit area, data center operations area,
user download area, and file availability area. The deposit, or
incoming, area is the designated location for data providers
(e.g., operational centers, analysis centers) to upload files to
be made available to users through the data center. Alternatively, the data center can take an active role in particular
cases retrieving files from data/product suppliers and inserting them into this area. The general user is restricted from
accessing this section of the data center.
The data center operations area is for internal use only and
contains software and auxiliary files required to process files
found in the data center’s incoming location. The software

Development of data infrastructure
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Fig. 4 Example output of SOPAC Site Information Manager (SIM) showing station metadata retrieved from SOPAC database

monitors the deposit area on varying frequencies depending
on data type, performs some plausibility tests on the files,
moves valid files to the user download area, and generates
statistics on individual files and groups of files (e.g., data available for a particular time period). Other functions include
metadata extraction and population of supporting databases.
The user download area is the repository for valid files
provided by the operations centers and analysis centers and
is open for public access. A clear subdirectory structure leads
the user to the required files. These subdirectories are typically structured to correspond to data type (e.g., GNSS
RINEX data, IGS orbital products, etc.), measurement epoch
(e.g., year and day of year), and file type (e.g., observation,
navigation, etc.) criteria. An example of the archive structure
at the CDDIS data center is shown in Figure 8.
The file availability area provides information on the
contents of the data center’s archive, tabulated by data type
(e.g., daily data, orbit products, etc.). Files containing summary information, such as data holdings, temporal and spatial
coverage, data quality, statistics, are also available to aid the
user in data discovery. These archive status files of GNSS
data holdings reflect timeliness of the data delivered as well

as statistics on number of data points, cycle slips, and multipath. The user community can receive a snapshot of data
availability and quality by viewing the contents of such a
summary file as shown in Fig. 9.
The GPS Seamless Archive Center (GSAC) data archive
collective developed by SOPAC for UNAVCO is a means of
locating GNSS holdings that are distributed across multiple
archives (Scharber et al. 2003). The GSAC uses a retailer/
wholesaler model for browsing data holdings across archives.
A GSAC “retailer” provides user access, through a metadata search interface, to the holdings of distributed data centers, called “wholesalers”, who provide the metadata input to
facilitate these searches. GSAC retailer interfaces are available on line at SOPAC (http://gsac.ucsd.edu/) and UNAVCO
(http://gsac01.unavco.org/GSACWizard). GSAC wholesalers include two IGS Global Data Centers, CDDIS and
SIO. SOPAC and UNAVCO are working on a next-generation
GSAC that will use Web services technology. The InterService Data Integration for Geodetic Operations (INDIGO,
http://indigo.nasa.gov) effort at NASA is underway to
develop and provide uniform access to independent,
heterogeneous space geodetic data systems to enable
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Fig. 5 Daily position time series of IGS station ALGO, one of the longest available, provided by SOPAC’s Java-based time series display tool

improved performance, access, accuracy and efficiency in
support of the user community. INDIGO will build upon
the data and information systems developed to support the
IAG services, including the IGS. INDIGO will extend the
GSAC philosophy to other data types (laser ranging, VLBI,
etc.), creating a Global Seamless Archive for geodetic data,
products, and information. Data and products can be made
readily available to a user for inter-technique analysis from
globally distributed data systems without the user searching
through multiple systems.

5 IGS Central Bureau Information System
The IGS Central Bureau Information System (CBIS) is a Web
and ftp site whose function is complementary to that of the
Global Data Centers. Whereas the data centers act primarily
as archives of IGS data and products, the CBIS provides
documentation for both new and expert users.
Visitors can learn about the IGS organization, governing
policies, meetings and publications, and data and product
formats and availability. E-mail distribution lists for varying
topics such as general announcements, station status, analysis
statistics, and certain projects are also hosted at the CBIS,
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and the Central Bureau’s role as interface to the public is
represented with a central “help desk” email contact. The
CBIS also hosts extensive information about the IGS network
of tracking stations (Beutler et al. 2008).
6 Usage of IGS data, products, and information
New applications utilizing IGS data and products continue
to be developed and thus the user community has increased
substantially since the start of the service. IGS data centers
continue to see the size of the archives expand and the user
base increase. For example, at the start of the IGS operational service in 1994, 30-s daily data from eighty sites were
routinely archived at the CDDIS; during 2007, data from
over 360 sites were archived each day. Likewise, sites producing hourly, 30-s data files increased from approximately
170 in 2004 to over 220 in 2007. Over 120 sites transmitted high-rate data on a routine basis in 2007, compared with
less than 50 in 2001. In 2007, over 136 million IGS-related
files, including 115 million data and 23 million productrelated files, were downloaded from the CDDIS Global Data
Center.
Examples of more detailed ftp data transfer statistics for
two IGS data centers, BKG, a regional IGS data center for
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Fig. 6 Monitoring of system information at BKG

Fig. 7 Monitoring of network connectivity at BKG
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Fig. 8 Example of an IGS data center structure

Europe, for the period November 4 to 10, 2007 (GPS week
1452) and SIO, a Global Data Center, for monthly statistics
over the last 2 years (2006–2007) are given in Figs. 10, 11,
and 12. It should be noted that these statistics include not
only IGS stations, but also stations of a continental and a
national network in the case of BKG, and all data holdings
at SIO. Regardless, the traffic illustrated in these figures is
typical for the diverse set of IGS data centers.
The CBIS tracks its usage as well. The most frequently
accessed areas of the Web site are information on the IGS
data and products, Frequently Asked Questions, and general documentation on the organization. Items most frequently
accessed by ftp include antenna calibration information, standardized sources of tracking network metadata, and the IGS
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combination products (e.g., IGS final, rapid, and ultra-rapid
solutions) that are available at the CBIS in addition to the
data centers.

7 Recent developments and future activities
The IGS has served the scientific user community through its
data centers for more than fifteen years. During this time, the
IGS infrastructure has adapted to address new requirements
and an increasing user base. Further enhancements will be
required to support future activities such as real-time data
flow and product generation and resolve deficiencies in its
data flow methodology.
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Fig. 9 Example data quality summary information available at IGS data centers
Fig. 10 Summary of network
traffic at BKG for 1 week in
2007. Download, upload, and
listing figures denote number of
files transferred at BKG during
the specified time period in
November 2007

Fig. 11 Number of
simultaneous ftp users of the
BKG data center in 1 week in
2007

7.1 Real-time data and products
The IGS Governing Board has recently approved the start
of the IGS Real-Time Pilot Project (IGS–RTPP), which will

provide an opportunity for the service to expand its infrastructure to support real-time data and product generation
and standards development, with the potential to begin a
real-time service in the future (Weber et al. 2008). The pilot
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Fig. 12 SOPAC monthly archive statistics for the 2-year period of
January 2006 to December 2007. The left chart shows the total number
of data files transferred each month. It ranges between 3 M and 6 M files

per month. The right chart shows the total amount of data transferred
monthly in terabytes (TB). It ranges from 0.6 to 1.7 TB/month

project uses data streams of real-time observation data as well
as products derived from these data to support and promote
the development of various real-time applications. End products include precise satellite orbits and clocks to be made
available in real-time.
An important goal of the IGS–RTPP is to extend the existing data infrastructure with real-time contributions, namely
from tracking stations, data flow, and data centers through
to the dissemination of real-time products. This new way of
data transfer in the form of streaming data not only enables
real-time product services, but has implications for the traditional, file-based product generation as well. The IGS–RTPP
infrastructure will provide access to the tracking data, initially to participants only, which allows for the accumulation
of daily, hourly, and sub-hourly high-rate observation data
files directly at the data centers or at the user site, thus providing a viable alternative to the file-based data exchange
method currently operational within the IGS. Furthermore,
streamed data will provide for the generation of products,
such as orbits and clock corrections, in near real-time. However, this real-time data flow and file creation methodology
presents a challenge to all IGS participants to continuously
verify the IGS data standards in the file archives. In the future,
many GNSS receivers will have direct network connections
during operation and thus will permit access to tracking data
through a direct link, without passing through any operational or regional data center. This single data stream from the
receiver is typically split into multiple streams by network
server components, e.g., an Internet broadcaster, and allows
access for up to hundreds of simultaneous users. The accumulation of IGS data streams at different centers could lead
to different versions of files to be archived and thus used for
post-processing. Various versions resulting from file transfer
or from data streams could exist even at a single data center.
Consequently, it will become the responsibility of the IGS
data centers to receive, validate, and store these files in a way
that prevents the users from any confusion. The storage of

identical information in more than one file should be avoided
as much as possible, but users may request it all the same.
A change in overhead burdens at the IGS data center will
be caused by the real-time data streams, particularly the result
of a continuous usage of the Internet bandwidth compared
to the point-wise load, e.g., at the end of the day or the
full hour, in the case of transferring data through file-based
methods. Initial tests of the IGS–RTPP software showed that
even in the early stages of operational testing, a small number of users could consume nearly the full network bandwidth of a data center, when unlimited public access to data
streams was permitted. This behavior shows the need for
some regulation or restriction in access to these data streams.
A simple requirement for user registration may help alleviate
network congestion and has the important advantage of allowing the IGS to obtain information about its real-time user
community.
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7.2 Modifications to IGS data flow
The IGS has been providing GNSS data and products since
1992, using virtually the same infrastructure and distribution methodology. As the service has matured, issues in the
established IGS data flow model have been identified.
One area of concern is ensuring that data (and product)
transmission routes are duplicated in case of a data center
or network failure. Customers of both hourly and daily IGS
data expect that an outage of a single data center does not
necessitate manual intervention to provide the data at alternate locations. The four Global Data Centers, accept data
from different sources. Operational and regional data centers
do not supply all their data to all Global Data Centers. Thus,
a secondary or alternate location for all data sets cannot be
guaranteed (with the exception of IGS reference frame sites
which are archived at all Global Data Centers). Similar problems can occur with the archival of IGS products. Therefore,
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the IGS must develop a more robust data transmission topology, with built-in redundancy, fully automated failover, and
secondary, or backup, data flow paths at all IGS data center
levels. A second problem area concerns ensuring that revised
data and product files are propagated to all archives. When
a data or product file is later revised, all data centers must
receive and archive the proper latest version, again without
manual intervention. The IGS is studying how to improve in
these areas while being mindful of the resource limitations
of a voluntary federation. One possible approach is distributed archives, such as the GPS Seamless Archive mentioned
earlier.

7.3 Web services
New information technologies are available to enhance batch
and interactive access to IGS data, metadata and data
products. Although more complex to implement, these tools
provide a standardized and more robust approach to data submission, facilitate accurate data exchange among the IGS
data canters, and enhance the retrieval of IGS products by
users. SOPAC has implemented XML-based technologies
including XSLT (eXtensible Stylesheet Languages Transformation), SOAP, and Web services (Jamason et al. 2004).
XML schemas defining GNSS site metadata are more modern
alternatives to current “human readable” approaches
(http://sopac.ucsd.edu/projects/xml/). For example, the
SOPAC database is now able to produce on demand XMLencoded metadata logs, which contain the full content of IGS
Site Logs (see http://sopac.ucsd.edu/scripts/dbXMLSiteLog.
cgi?site_code=algo for IGS station ALGO). The XML schemas provide a set of modular components (sub-schemas) that
can be used to construct other schemas for other applications. The IGS Site Information Log schema, for instance,

Fig. 13 Environment for exploration of data products derived from
combined JPL and SOPAC daily coordinate time series, with underlying information technology components. Centralized storage, a relational database management system and XML schema ensure that both
analyses use the same metadata and protocols. Likewise the same
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is divided into four separate XML sub-schemas: equipment,
contact, possible interferences, and monument information.
With funding from NASA and in collaboration with JPL,
SOPAC is developing a next generation environment for combining, validating, archiving, and delivering of long-term
high-level data products and data mining capabilities from
space geodetic measurements. Although the focus is on the
Western US and NASA’s contribution to the EarthScope
project, in particular the Plate Boundary Observatory (PBO),
the environment is scalable to global infrastructure such as
the IGS. Community resources include access to extensive
infrastructure and distributed data archive holdings, an online map server/client linked to a GIS database, Geophysical
Resource Web Services (Fig. 13), and a GPS Explorer data
portal (Fig. 14) that is extensible to heterogeneous data sets
(http://geodemo-c.ucsd.edu/gridsphere/gridsphere).
7.4 Future GNSS
The next few years will see the introduction of several new
GNSS, including the European Galileo, a revitalized
GLONASS constellation, and the US GPS augmentation,
GPS-III. The IGS plans to incorporate these new GNSS
signals and technologies into its capabilities through its
various components, thus requiring the enhancement to the
network, data center, and analysis center infrastructure support. In particular, IGS data centers will need to review the
requirements for these new GNSS and confirm their individual capabilities to provide archive and access to these
new data and products. The formats currently used throughout the IGS will require review and most likely modification to accommodate the new signals. Supporting software,
e.g., for data quality validation and metadata extraction, will
require augmentation to ensure incoming data are correct and
properly archived. The data centers must also be prepared

components and well-defined Open GIS Consortium (OGC) standards
provide users with a robust and on-the-fly Web Services environment
for accessing, by command-line or http, higher-level data products such
as GPS time series, station velocities and strain maps. See also Fig. 14
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Fig. 14 Screen shots from GPS Explorer data portal, which enables
Web Services-based user interactions with the SOPAC database to
explore, select and save data products at all levels. In this example,
the user has selected five CGPS stations through the map interface, and

retrieved metadata, station coordinates and modeled coordinate time
series. The information is transferable to other GPS Explorer functions
shown in the blue menu bar such as geophysical modeling software

to accommodate new products resulting from the wealth of
additional GNSS signals that will soon be available.

infrastructure in general has proved to be a reliable method
for data, product, and information distribution within the service and to the user community at large.

8 Concluding remarks
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