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System is fast becoming 

indispensable for 

geodynamic 

investigations. The 

International GPS 

Geodynamics Service 

(IGS), a new worldwide . ·, 
Navstar satellite tracking 
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in recent trials, providing 

a rich data set with which 

to begin a study of global 

change. IGS marks a new 

era of international 
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determination of precise 

ephemerides and earth 

rotation parameters. 
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The majority of GPS uses are associated with 
surveying and navigation, but the near com­
pletion of the GPS satellite constellation and 
the maturity of mathematical modeling and 
data communication networks have ushered 
in an important new application for GPS: per­
manent arrays to monitor geodynamic 
processes . GPS is an effective tool 
for monitoring global changes over time, 
which is the key to understanding long-term 
effects. Applications include measuring 
crustal deformation, postglacial rebound, 
volcanic uplift, and coseismic and postseis­
mic activity. Geodynamic investigations that 
rely on GPS data require precise knowledge 
of the Navstar satellite orbits. Only an inter­
national GPS tracking service can defray the 
costs and provide the necessary data, exper­
tise, and large parameter estimation 
processes. 

Of all GPS applications, geodesy and geo­
dynamics demand the most accurate model­
ing of the GPS observables. Relative 
positioning accuracies of one centimeter 
(horizontal) and a few centimeters (vertical) 
over 1,000 kilometers can be achieved if the 
GPS satellite orbits are properly modeled. 
Two recent global and regional GPS experi­
ments (First GPS Experiment for Interna­
tional Earth Rotation Service and 
Geodynamics Experiment "GIG '91 ") 
clearly demonstrated the value of GPS in 
geodesy and geodynamic applications. 
Indeed, compared to two well-established 
space techniques, very long baseline interfer­
ometry (VLBI) and satellite laser ranging, 
GPS promises to cost-effectively provide the 
highest spatial density of precise positions 
and the highest temporal resolution of the 
Earth 's pole. 

The Jet Propulsion Laboratory (JPL) and 
the Scripps Institution of Oceanography 
(SIO) jointly operate the Permanent Geodetic 
and Geodynamics Array (PGGA) in southern 
California, a prototype of this new applica­
tion. The Cooperative International GPS Net­
work (CIGNET) and NASA's Fiducial 
Laboratories for International Natural Sci-

ence Network (FLINN) provide tracking data 
to PGGA to be reduced for precise orbit 
determinations. 

IGS TO THE RESCUE 
The idea for a global tracking service was 
first put forward at the 1989 International 
Association of Geodesy (lAG) General 
Assembly in Edinburgh, Scotland, by Ruth 
Neilan, Gerald Mader, and William Mel­
bourne. That initial suggestion has since been 
nurtured into the International GPS Geody­
namics Service (IGS). 

IGS Goals. IGS has two main goals. Its pri­
mary long-term goal is to offer the scientific 
community GPS orbits accurate enough for 
performing regional and local GPS analysis. 
The products should enable consistent results 
for regional or smaller-scale networks that 
are measured only periodically: typical accu­
racies are one part in I 08 and as low as a few 
parts in 109. Its secondary goal is to provide 
daily precise earth rotation information. The 
precision levels already achieved by various 
analysis groups exceed one milliarc­
second per day for polar motion and 0.1 mil­
lisecond for length-of-day estimates. As IGS 
matures, it will provide the user community 
with information concerning the ionosphere 
and status of the individual GPS satellites. 

These goals are service-oriented; that is, 
IGS hopes to provide these precise products 
on a daily basis. The delay in making these 
products available ranges from five days to 
two weeks, depending on the timeliness and 
cutoffs applied to the delivery of the global 
tracking data. IGS uses numerous processes 
and communication paths to transfer a full 
raw data set from the station receivers to the 
processing centers, and then it requires at 
least a few days to transform the data set into 
a refined product available to users. 

Development of IGS. In January 1990, lAG 
president Ivan Mueller invited Neilan, 
Mader, Melbourne, and Bernard Minster to 
submit a formal proposal for a permanent 
international GPS service. During its March 
1990 meeting, the lAG executive committee 
considered the proposal and established a 
planning group, chaired by Mueller, to fur­
ther study the concept. The planning group 
had three goals: 

• formulate an organizational structure 
and present a detailed campaign plan to the 
20th General Assembly of International 
Union of Geodesy and Geophysics (IUGG) 
in Vienna in August 1991 

• organize an observational campaign for 
1992, the International Space Year, and 

• present a proposal to lAG at the end of 
the campaign. 



The planning group co-opted a wide range 
of volunteers, and in February 1991 the IGS 
planning group solicited proposals for data­
collecting observatories, data centers, analy­
sis centers, and a central bureau. Since 
issuing that call for participation, IGS has 
received about 150 responses - far more 
than it expected and a direct measure of the 
need for and importance of the IGS concept. 
The original call for participation was based 
on two different networks: 

• a core network of about 30 globally dis­
tributed high-quality sites with continuous, 
daily data transmission to data centers. The 
network would use data for the determination 
of orbits and earth rotation parameters. 

• a fiducial network with 100-200 stations 
to serve as a first densification of the core 
network. These stations are called fiducial in 
the sense that they are tied to the global net­
work and the resulting reference frame and 
coordinate system. If a denser scientific net­
work is planned for some area, investigators 
can occupy the fiducial station as part of their 
network and thus tie smaller networks to the 
international network. This "standardization" 
can make intercomparisons of results and use 
of other people's data much easier. This net­
work would be periodically equipped with 

high-precision geodetic GPS receivers (about 
one to two weeks every two years) . Data flow 
and data management are too costly to main­
tain the network continuously at this time. 

IUGG - The Next Step. Many IGS-related 
activities took place during IUGG's 20th 
general assembly. The original planning 
group reorganized into the IGS Campaign 
Oversight Committee (see Table 1 ), and 
IUGG adopted Resolution No. 5, which is 
regarded as the IGS charter. The oversight 
committee, through working groups, investi­
gated standards for data acquisi tion, commu­
nications, standards for GPS data exchange, 
analysis center coordination, reference frame 
issues, and the Epoch '92 Campaign. Of all 
these activities, the committee's main goal 
was to organize Campaign '92. 

CAMPAIGN '92- THE FIRST LOOK 
Campaign '92 was a comprehensive evalua­
tion of IGS conducted from June 22 to Sep­
tember 22, 1992. The evaluation focused on 
the transfer of data among data centers and 
processing centers, processing of the core 
station data, and finally the shipment of 
results from the processing centers back to 
the data centers for dissemination. In addi­
tion, the Epoch '92 Campaign experiment 

Table 1. IGS Campaign Oversight Committee 

Position Name Institution 

GEODESY 

took place during this time. 
The fundamental design of Campaign '92 

was a core network of about 30 globally dis­
tributed observing stations (see Figure I) that 
used P-code receivers to gather observation 
data. Figure 2 shows how IGS analyzes and 
distributes observation data. 

Table 2 shows the nominal core sites used 
in Campaign '92. Some stations use dual-fre­
quency non-P-code instruments and serve as 
regional backups or as network enhancement 
at the discretion of the processing centers. 
Analysis coordinators designated 18 of the 
sites as important for intercomparison stud­
ies. Processing centers included at least 10 
such sites in their analyses. The standard for 
data acquisition is dual-frequency (both Ll 
and L2) precision P-code receivers producing 
CIA- and P-code pseudoranges and carrier 
phases. Processing centers are free to dissem­
inate the data. Prior to the campaign, IGS 
successfully conducted a full communication 
test starting at the instruments and conclud­
ing at the processing centers to ensure that 
recording data every 30 seconds was a man­
ageable rate for the existing electronic com­
munication networks. The Receiver 
Independent Exchange Format (RINEX) was 
chosen for exchange. The RINEX files were 

.· 

Country 

IGS Chair G. Beutler Astronomical Institute, University of Bern Switzerland 
Y Bock IGPP/Scripps Institution of Oceanography USA 
L. Boloh CNES France 

IERS - ITRF Coordinator C. Boucher IGN France 
M. Campos Universidad Federal do Parana Brazil 

Epoch '92 Regional Coordinator J . Chen National Bureau Surveying and Mapping China 
Epoch '92 Regional Coordinator D. Delikaraoglou EMR, Canadian Geodetic Survey Canada 

J. Dow European Space Agency, ESOC Germany 
IGS Vice-Chair J. Engeln NASA USA 
Epoch '92 Regional Coordinator B. Engen Norwegian Mapping Authority Norway 

P Fell Naval Surface Weapons Center USA 
M. Fubara Rivers State University Nigeria 

IGS Analysis Coordinator C. Goad Ohio State University USA 
Data Formats Coordinator W. Gurtner Astronomical Institute, University of Bern Switzerland 

T. Kato Tokyo University Japan 
G. Mader NOAA NGS USA 

Epoch '92 Regional Coordinator J. Manning Austral ian Land Information Group Australia 
IERS GPS Coordinator W. Melbourne Jet Propulsion Laboratory USA 
Science Advisor Epoch '92 B. Minster IGPP/ Scripps Institution of Oceanography USA 
Data Flow Coord inator P Morgan University of Canberra Australia 
lAG Representative 1.1. Mueller Ohio State University USA 
IGS Central Bureau R.E. Neilan Jet Propulsion Laboratory USA 

W. Schluter I fAG Germany 
President, CSTG B. Schutz University of Texas- Austin USA 

B. Roth Defense Mapping Agency USA 
Epoch '92 Regional Coordinator S. Tatevian Institute for Astronomy Russia 

H. Tsuji Geodetic Survey Institute Japan 
V. Velikov Insti tu te of Applied Astronomy USA 
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compressed using the Lempel-Ziv algorithm 
to reduce network connection times. Naviga­
tion and status files broadcast by the satellites 
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were concatenated and sorted at the network 
data center level to aid data flow and provide 
a uniform source of information. 

HARTEBEESTOEK 

0 

60 

t Taipei 

~ ·~ ~Og:..Qc--...,p 
~-.::> .............. '\..: 

~-~:wnsvilla 
Ya•agadee ~BERRA 

Hobanli! ? 
Wellington 

120 180 

• Precision P-code stations currently implemented 

-:- Codeless GPS station 

() Precision P-code stations added to network 

Figure 1. International GPS and Geodynamics Service operational tracking network. 
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EPOCH '92 CAMPAIGN 
Epoch '92 was a classic campaign-oriented 
GPS experiment conducted from July 25 to 
August 8. About l 00 observation stations 
served as fiducial sites. Each station was tied 
to a regional data center for data flow and 
archiving purposes and to a processing center 
or an associate processing center to ensure 
that the data were adequately analyzed and 
reported. Data from these fiducial sites are 
expected to flow to the regional data centers 
after the completion of Campaign '92 
because a 90-day delay is permitted due to 
physical media transfers. Many receivers 
were operated in remote areas worldwide. 
Uploading, formatting, and cataloging data 
from many different receivers and countries 
is an enormous task; electronic transfer is 
generally impossible from these locations. 

IGS delegated the planning, organization, 
realization, and processing of Epoch '92 and 
other future Epoch campaigns to regional 
coordinators, led by Minster as the scientific 
adviser. The regions included North and 
South America; Europe and Africa; Aus­
tralia/Asia, Southeast Asia, and Antarctica; 
China; and Russia. The tentative list of sta­
tions for Epoch '92 demonstrated that large 
regions of the Earth's surface are not yet ade-
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Figure 2. Flow of IGS data. 

42 GPS WORlD february 1993 

·· · o Latitude - - -+ Longitude -- -• Height -----<> Length 

Figure 3. Baseline Wettzell Zimmerwald (470 kilmeters) broadcast ephemerides 
compared to IGS ephemerides. 
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quately covered for truly global reference 
frame control. The final list of stations occu­
pied will be available by the end of 1992. 

Results. The analysis centers provided 
detailed analyses of the results of the individ­
ual processing centers. The accompanying 
figures demonstrate that IGS product quality 
met IGS's high expectations. 

Figures 3a and 3b show the baseline 
repeatabilities in latitude, longitude, height, 
and length obtained when process­
ing the daily 24-hour observation files 
from Wettzell, Germany, and Zimmerwald, 
Switzerland, using broadcast orbits in Figure 
3a and using the IGS orbits (produced by the 
processing centers of Table 2) in Figure 3b. 

Table 2. Campaign '92 core network stations used by processing centers 

Station 

1 Wettzell* 
2 Tromso* 
3 Algonquin* 
4 Yaragadee* 
5 Canberra* 
6 Usuda* 
7 Yellowkn ife 
8 Hartebeestoeck* 
9 Kokee* 

10 Tahiti* 
11 Santiago* 
12 Madrid 
13 Goldstone 
14 Fairbanks* 
15 McMurdo* 
16 Herstmonceux* 
17 Ny Alesund 
18 Richmond* 
19 Matera* 
20 Kootwijk 
21 TaiPei* 
22 Penticton* 
23 Wellington 
24 Hobart 
25 Townsville 
26 Onsala 
27 Pinon Flat* 
28 Metsahovi 
29 Mojave 
30 Tsukuba 
31 JPL 
32 Maspalomas 
33 Kourou 
34 Kitab 
35 Alberthead 
36 Westford 
37 Scripps 
38 Zimmerwald 
39 Graz 

CSR 

X 

X 
X 
X 
X 

GFZ CODE ESOC JPL 

X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X 
X X X 
X X X 
X X X 

X X X 
X X X 
X X X 
X X X 

X X 
X X X 

X X X 
X X X 

X X 
X X X 
X X 
X 
X 

X 
X 
X 

X 
X 

Total Number 
SIO Processed 

X 6 
,Y. 6 
X 6 
X 6 
X 6 
X 6 
X 5 

4 
X 5 

4 
X 5 
X 5 
X 5 
X 5 
X 5 
X 4 
X 4 
X 4 

3 
X 3 

4 
X 3 
X 2 
X 2 
X 
X 
X 

1 
2 
2 
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CSR: Center for Space Research, University of Texas at Austin 
GFZ: Geoforschungszentrum 
CODE: Center for Orbit Determination in Europe 
ESA/ESOC: European Space Agency, Operations Center 
JPL: Jet Propulsion Laboratory 
SIO: IGPP/Scripps Institute of Oceanography 
* designated as important for intercomparison studies 
Italics: stations use dual-frequency non- P-code instruments and serve as regional backups 
or at the discretion of the processing centers for network enhancement 
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Figure 4. The difference between each center's estimate of the x and y positions of 
the pole and as determined by the International Earth Rotation Service. Figure 4c 
shows earth rotation parameters from the Center for Orbit Determination . 

The length of the baseline is 470 kilometers, 
and none of the processing centers used the 
Zimmerwald data in the orbit-determination 
step because it would have skewed the 
results. A single software package processed 
the baseline (which demonstrates that one 
center is able to use the products of the other 
centers). Figure 3a shows that the Defense 
Mapping Agency was producing excellent 
broadcast orbits for the time span analyzed 
(June 21 - July 23). The comparison of Fig­
ures 3a and 3b indicates; that the IGS orbits 
are superior to the broadcast by about one 
order of magnitude. The difference between 
the broadcast and IGS orbits becomes even 
more apparent for longer baselines. 

Figures 4a-4c demonstrate that GPS is 
indeed capable of estimating the earth rota­
tion parameters with a high degree of accu­
racy. Plotted in Figures 4a and 4b is the 
difference between each center's estimate of 
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the x andy position of the pole and that posi­
tions determined independently by the Inter­
national Earth Rotation Service (IERS). This 
agreement of about 2 milliarcseconds is 
equivalent to about 6 centimeters in pole 
position and demonstrated that GPS is a 
useful tool for monitoring earth rotation 
parameters. 

It is also impressive that though the com­
puting software for each center is indepen­
dent, processing centers agree so well with 
each other. (Each center's results are plotted 
with a separate, arbitrary origin for clarity so 
they do not overlap in the plot.) Figure 4c 
demonstrates similar agreement with IERS in 
determining universal time (UTI ). All of the 
processing centers in Table 2 solve for earth 
rotation parameters as part of their service. 
These figures show that the IGS estimates of 
the x andy coordinates of the pole agree with 
those of IERS. 

CONCLUSIONS 
IGS marks a turning point in international 
cooperation in the use of GPS to determine 
precise ephemerides, earth rotation parame­
ters, and ties to the terrestrial reference frame 
through collocation and station coordinates at 
a defined epoch. This coordinated effort has 
tested the daily limits of operational , data 
transfer, and computational structures. In 
addition, IGS is trying to densify global cov­
erage and information with the fiducial sta­
tions used during the Epoch '92 experiment. 

IGS requires the resources and coopera­
tion of many organizations throughout the 
world. Some important examples are listed 
below: 

• the European consortium's determina­
tion of regional orbits from observations at 
laser ranging and VLBI sites and the compar­
ison of these orbits with globally determined 
orbits 

• the Japanese permanent monitoring net­
works for earthquake research 

• the PGGA array of JPL and SIO for 
regional deformation 

• NASA's experiment to demonstrate 
GPS tracking of the low-earth-orbiting 
TOPEX/Poseidon Satellite 

• the Norwegian SATREF Project. 
Finally, Campaign '92 demonstrated the 

type of permanent international GPS service 
necessary for the near future and also pro­
vided us with a very rich and dense data 
set with which to begin a study of global 
change. • 

Gerhard Beutler is a professor and the director 
of the lnternalionallnstilute at !he University of 
Bern, Switzerland. He is chairman of the IGS 
Oversight Committee and the head of the Center 
for Orbit Determination in Europe. 

Peter Morgan is a professor at the University of 
Canberra in Australia and an expert in electronic 
communications and networking. He is the IGS 
data flow coordinator and is very active with 
CPS observations and analysis in Australia. 

Ruth E. Neilan is CPS operations manager at 
NASA 's Jet Propulsion Laboratory for the 
Geodynamics Program. She manages support for 
NASA 's regional CPS investigations and for the 
FLINN Global Network. She is director of the 
GIS Central Bureau located at JPL. 

For product information, turn to page 66 and 
see Manufacturers. For reprints (250 mini­
mum), contact Mary Clark, Marketing Ser­
vices, (503) 343-1200. 




