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PREFACE

This report outlines some Spanish activities in Geodesy for the period 1999 to
2002. It has been prepared for submission to the International Association of Geodesy
(IAG) on the occasion of the XXIIl General Assembly of the International Union of
Geodesy and Geophysics in Sapporo, Japan, June 30 - July 11, 2003. It is issued on
behalf of the Spanish Committee of Geodesy and Geophysics

In the report the main activities in Geodesy developed in Spain in the period
1999-2002 by different Institutions are presented. This Institutions in alphabetic order
are.

1.- Hydrographic Institute of the Navy. (Instituto Hidrografico de la Marina). CADIZ

2.- Institute of Astronomy and Geodesy (Instituto de Astronomia y Geodesia), MADRID.

3.- Institute Cartographic of Catalonia (Instituto Cartografico de Cataluia).
BARCELONA.

4.- National Geographic Institute (Instituto Geografico Nacional). MADRID.

5.- Royal Institute and Observatory of the Navy. (Real Instituto y Observatorio de la
Armada). San Fernando. CADIZ.

6.- Valencian Cartographic Institute (Instituto Cartografico Valenciano). VALENCIA

7.- Politecnical University of Valencia. (Universidad Politécnica de Valencia)

The information provided by the Institutions has been incorporate in the Report,
and due to the quantity and diversity of works done these has been resumed, giving for
each Institution a list of the activities followed by the list of papers published in the
period.

Madrid, June, 2003

Miguel J. Sevilla
(IAG Spanish National Correspondent)






1. HYDROGRAPHIC INSTITUTE OF THE NAVY

INSTITUTO HIDROGRAFICO DE LA MARINA
Plaza San Severiano, 3
11007 CADIZ (SPAIN)

Tel.: (34) 956 599 406, Fax.: (34) 956 275358

I ntroduction

The Ingtituto Hidrogréfico de la Marina, locaed in Cédiz, was established by law dated 3tth
Deceanber 1943, as an organization within the Navy. A later Law on arrangement of Cartography
(7719806 spedfied the resporsibiliti es of the Instituto, its task being the information and maintenance
of basic Nautica Cartography.

The am of the Instituto isto look after the safety of navigation, in the sense of colleding and dffusing
information onthe sea ad the wast, and to foster the development of Nauticd Sciences. To achieve
this goal, the Instituto has $x main resporsibiliti es:

- Hydrographic surveys and studies on submarine reli ef in Spanish coastal and maritime aeas, aswell
as other areas asaumed in compliance of its agreement with the International Hydrographic
Organization (IHO ), where it represents the Government of Spain.

Systematic observation and study of tides and currents, temperatures and acustic and
eledromagnetic propagation in seavater, meteorology and, in general, any physicd feaure which may
affed navigation.

- Development of Nauticd Charts, bodks and dauments as aids to navigation, and their printing and
distribution.

- Colledion d data and news on dterations in the environment, aids to navigation a dangers to the
same, which will be disssminated as Notices to Mariners, for the updating of nauticd charts and
pubicaions.

Determination d feaures and spedfications of nauticd instruments used on bard Navy vessals,
catificaionandvalidation d them.

Carrying ou geodetic and hydrographc works of interest for the Navy, as well as reseach
programmes assgned by the Navy Research and Development Diredorate.

M aintenance of the Hydr ogr aphic Control Network

The Hydrographic Control Network (RCH) is a geodetic network used to control the paositioning
during a hydrographic survey. It is composed o geodetic stations cdled RCH stations. Currently, this
network comprises some 1200 stations. The wordinates of these stations, as well as me other
relevant data, are included in the so-cdled RCH station report, which is fil ed and stored in a database
by the IHM Secadn ce Fotogrametria y Geodesia (Geodetic and Photogrammetric Sedion).

RCH station coordinates are determined by means of moving geographic pasiti ons using two kinds of
procedures. Conventiond Procedures, by measurement of angle field and/or distance, reduction o
them to the dlipsoid and solution d the so-cdled main geodetic problems, also known as Dired
Problem and Inverse Problem; and Spdial Technique Procedures, using the satellite positioning
system named Globa Positioning Sstem, GPS, which allow for the output of coordinates in system
ETRS89

RCH will be based onthe stations of the Conventional Geodetic Network, ROl and National Geodetic
Network by Spatial Techniques (REGENTE), established by the Nationd Geodetic Institute (IGN),
or on RCH stations from surveys antedating current work in progress




Measurement of field of distance and/or angle, to oltain the fedures of the dlipsoid used in the
solution d the main geodetic problems, are caried ou using severa techniques like Polygonal,
Radiation, Triangulation and Tril ateration.

Transformation parametersfrom ED50 to WGS84 in the Spanish coast

The simultaneous presence of datums ED50 and WGS84 force any cartographic produwction o
pasitioning system to work on data referred to any of the two datums and produces afinal result in just
one of them. The aurrent trend in production at the Instituto Hidrogréfico de la Marinais to pubish
nautica cartography referenced to WGS84 datum, which is necessary for the generation d ENC
(Eledaronic Navigational Chart).

Also, Hydrographic surveys are caried ou under WGS84. The quality of final products relies on the
guality of the transformations of items from one datum to the other, which has prompted a study onthe
most efficient methods of transformation. This gudy includes a number of observation cruises with
GPSrecavers to generate doule sets of coordinates for the cdculation d transformation parameters.
The Instituto Hidrogréafico de la Marina has finished these auises, started in 1993.

The distribution of the areas which parameters are computed for is done on a province level along
the whole Spanish peninsular coast, and at the island level for the Balearic Islands. Within each
province, those sheets in the National Topographic Map scale 1:50000 inside its demarcation are
selected. This set of selected sheets form a zone for the computation of parameters.

To cover the needs of the IHM regarding
transfer of geographic files of nautical
cartography in ED50 system into WGS384
datum, each chart has been assigned one
province or island zone of parameters.

More general parameters have been
computed for those nautical charts that, due to
scale, comprise more than one province or
island zone. Consequently, each nautical chart
in the IHM Cartographic Project has been
assigned specific transformation parameters.

Zones distribution, Mol odensky 7 parameters
model

A small statistica survey has been carried ou to know the performance of the parameters on the limits
of ead zone with regards to the contiguous zone, resulting in mean discrepancies of 36 cm in
longitude, 47cmin latitudey 186cmin height.

Publications:

Mill an, J.,(2002: Parametros de transformaddn ED50 a WGS84 en € litoral espariol



2. INSTITUTE OF ASTRONOMY AND GEODESY (MADRID)
(Including Dep. of Astronomy and Geodesy. UCM)

FACULTAD DE CIENCIAS MATEMATICAS
UNIVERSIDAD COMPLUTENSE
28040 MADRID (SPAIN)
TIf. ++ 34 91 394 45 86, ++ 34 91 394 45 82; Fax. ++ 34 91 394 46 15
URL: http://www.mat.ucm.es

SUMMARY OF Results description

Gravimetry and inverse problem (A. G. Camacho &t al.):

Data reduction (tidal corredion, instrumental sensibility, marine data) - Fit of traverses (drifts,
recording jumps, scde ajustment, data quality) - Terrain corredions from digital models - Fit of
regional trends (robust methods) - Covariance aalysis and least squares prediction d gravity
anomalies - Gravity inversion (nonlinea inversion, exploratory methods, inversion o noisy data with
blunders, fit of linea trends, fit of models with pasitive and regative density contrasts, optimal
balance between smocthness and fitness 3-D models, graphicd presentation d 3-D models) -
Reduction d absolute observations.

APALICATION WORKS: Mainly gravimetric studies of: - Archaeologicd rests (buried walls,
Palaeplithic caves and crypts). - Karstic structures. - Volcanic areas. - Canary Islands Azores Islands -
Decegcion Island (Antarctic)

Geodetic boundary value problems (J. Otero et al.)

The mathematicd analysis, from theoreticd and pradicd points of view, of some boundary value
problems is one of the topics of Physicd Geodesy. In the theoreticd resped a new existence and
uniqueness of solutions theorem has been oltained for the scdar Molodensky boundry problem
(Otero and Sansd 1999. The theory and analysis of freeboundiry value problems has attained certain
popuarity in Geodesy in the last 20 yeas, being considered as a sort of reference theory providing a
soundscientific badkgroundto the problem of determining the figure of the eaith and its gravity field.
In this framework an eff ort has been dore to come to a solution d the most relevant problem, namely
the so-cdled scdar geodetic boundry value problem (introduced by Sacedote and Sans6 in 19895,
under the most general condtions of regularity of the boundiry values. In this paper we give aresult
that, in the authors' opinion, seams to be the most natural and somehow a point of arrival of all the
work dore in the field. In fad the basic theorem proven in this paper guarantees a solution for the
(modified) scdar geodetic boundry value problem in sphericd coordinates under the condtions that

the gravity g and that the potential v belong to the Holder spacesH,, and H,, ,, respedively.

A comparison between various approades to solve some dasdcd geodetic boundry problems,
including Sanso’'s change of boundry method and the analyticd continuation method, has been
caried ou in (Otero and Auz 2002. From the basic ideaof the Molodensky shrinking we propcse an
aternative variational approach to solve some linea geodetic boundiry problems. We show that the
variational approach solution and the solution by analyticd continuation are formally the same. The
esential difference is that no wse of downward analyticd continuation is made in the variationa
approach. Rather, upvard harmonic continuation from the Bjerhammar sphere is what is needed to
explain the terms of the derived series. In this way the Marych-Moritz©s slution could be now
corredly interpreted. In addition, this upward harmonic continuation allows that one can guess ®me
linking between the change of boundary method and the variational approach, and this relationis also
studied in this paper.



The predsion that can be obtained with the adual satellite positioning techniques justifies the
asumption that the eath surfaceis known. Therefore nowadays the GPSgravimetric boundiry
problem has become very relevant being one of its applications the determination d geopaential
numbers (the physicd measure of height above sealevel). Thisis a nontlinea and obi que derivative
problem. In (Auz and Otero 2003 once the problem is lineaized we solve it by means of Sansd’'s
change of boundiry method leading to a series lution avoiding a downward analytica continuation.
The first order solution is compared with the gradient solution given previously by Moritz (2000.
Using a Taylor expansion bah results are shown to be formally the same.

Direct geodetic problem and UTM coordinates (J. Otero et al.)

Both in the determination d the latitude in the dired geodetic problem, and in the obtaining of the
geodetic coordinates from the UTM coordinates we ae led to solve asimilar nonlinea equation. In
(Bermejo and Otero 2003 we propacse to use the Newton iterative methodfor solving both problems.
Numericd examples sow its fast convergence and acaracy. In (Bermgo and Otero, 2000 the
maximum angular distortion for the UTM projedion in finite gproximation is analyzed. This
maximum angular distortion is computed along paralels uth, center and nath of the Iberian
Peninsula and along meridians close to the central meridian.

Time series analysis methods (J. Otero et al.)

Time series methods are of basic importance for the analysis of geodetic and geophysicd time-
dependent and large data sets. In (Otero and Sevilla 2002 we sketch the theoreticd foundhtions of
some stationary processes more frequently used, like moving average, autoregressve and ARMA
processes. In addition, we give two examples quite different: the first one is a series of elli psoidal
heights obtained from GPS observations in Lanzarote's permanent station; the seaond, is a series of
orthometric heights correspondng to the leveling network of Milan’s Cathedral.

Theory of geodetic linear models (J. Otero)

The paper (Otero, 2000Q is a cntribution to the theory of geodetic linea modes with rank
deficiency equal to 1: we give the pseudanverse matrix of the design matrix (which is of incidence
type), and making use of the GaussMarkov theorem we obtain the BLUE of the parametric functions
asciated to the rows of the design matrix (the true values of the observed magnitudes). ThisBLUE is
interpreted as a weighted mean of al of its posgble uncorrelated determinations using pairs of
observationsincluding the dired measurement.

Defor mation modeling and interpretation of observations (J. Fernandez Torres et al.)

Deformation models has been developed and improved for faulting and volcanic loading (see eg.,
Charcoet ., 2001 Fernandez et al., 199¢; Yu et al., 1999 2002.

The topagraphy effed on the theoretica computations has been study (Folch et al., 200Q Charco et
a., 2003 as well as the rheologicd properties and shape of the intrusion effeds (Folch et a., 2000,
Fernandez et a., 200). Deformation and gravity changes produced by volcanic loading has been
modell ed using diff erent theoreticd models and the Genethic Algorithm tedhniques for inversion.

Applying geodetic tediniques to monitoring adivity involves interpretation wsing deformation
models. Usually gravity change data and dsplacament data ae interpreted separately. Fernandez et al.
(2001 show, using modeling of deformation and gravity change data in Campi Flegrei, Italy, Mayon
Volcano, Philippines, and Long Valley Caldera, California, USA, that this can lead to incorred
interpretations. Also, in the traditional style it can be difficult, if not impossble, to interpret the data
coherently or corredly in terms of the charaderistics of the intrusion a the deflation derived from the
gravity changes with puely elastic models, as in the cae of Mayon Volcano, Philli pines. The results
obtained show that displacements and gravity changes must be interpreted together whenever passhble
and that elastic-gravitational models can be afar more gpropriate gproximation to problems of



volcanic load in the aust than the more commonly used puely elastic models. Therefore it is
necessry to change the philosophy normally used to interpret geodetic observations, improving the
posshility of predicting future euptions. Also the mmbination d displacement and gravity changesis
foundto be espedaly effedive in constraining the posdble dharaderistics of the magmatic intrusion
as well as the rheology of the medium surroundng it. Tiampo et al. (2000 model the seaondinflation
period at Long Valley cddera, California using a genetic dgorithm technique and hgh quality
geodetic measurements of elevation changes and heseline extensions. They compare two source
inversions for bath sphericd Mogi point sources and the finite prolate dli psoid of Yang and Davis. A
sensitivity analysis for the genetic dgorithm is performed based uponsynthetic data set inversions on
similar sources in arder to better constrain the aed locdion, aientation, and volume of the paotential
Sources.

Volcano monitoring: designing and observation. (J. Fernandez Torreset al.)

The geodetic monitoring system in Tenerife, Canary Island, hes been theoreticdly studied by
Fernandez et al. (1999 and Yu et al. (2000, arriving to the cnclusion that it shoud be danged and
extended to cover the full island for volcano monitoring purposes. A clea choice shoud be aglobal
GPSnetwork. In this context, two researcch projeds were trying to demonstrate the feasibility of using
Synthetic Aperture Radar Interferometry, INSAR, for operational dedsion-making suppat purposes at
a volcanic risk scenario such as the Canary Islands and to define amonitoring system for volcanic
hazard in Spain that includes the operative use of INSAR techniques (Carrasco et a., 2000,Fernandez
et al., 2002,Romero et a., 2003. The results has siown that INSAR is an useful tednique for volcano
monitoring in Canary Islands. On Tenerife island, two deformations were deteded ouside the usually
observed areg and locaed in the region were the most recant eruptions on the island have occurred
(Ferndndez et al., 2003. Due to the very poa spatial coverage of the geodetic volcanic monitoring
previoudly performed onthe island, that deformation hed na been olserved before with any other
observationa tedhnique, and very probably would never be deteded withou using an olservational
technique such as INSAR, or any other appropriately distributed to cover the full island. However, it
must be stressed that in some aeas of the island there is 2uch dense vegetation that INSAR cannat be
used to monitor ground dsplacaments, at least in the radar frequency employed by the ERS-1 and
ERS-2 satellites used in this gudy. Therefore previous results made necessary the design and
observation d a GPS network in the island for volcano monitoring in combination with ather
techniques, validation d the deformations deteded by InSAR. Rodriguez-Velasco et al. (2002 and
Gornzalez-Matesanz et a. (2002 describe the designing, observation methoddogy, results and
interpretation o the GPS surveys condwcted in Tenerife. The results has allow to define anew
geodetic monitoring system for the full Tenerifeisland combining INSAR and GPS

Continuows observation d gravity has been dore in Tenerife and Lanzarote islands and the tidal
results has been interpreted (Arnoso et al. 2000, 2001

A design o the geodetic monitoring for the full Canary Island has been dore with base on the
theoreticd and olservational results (Fernandez and Luzén, 2002.

Cartographic projedion (M. J. Sevilla and J. A. Malpica)

Study of some dastic properties of the projedions with the Second Order Theory of Chovitz. This
lead to give anew projedion within the a&imuthal ones which yields a minimum for the dastic
deformation energy. The gplicaion d strain criteriain map projedions is proposed by Dermanis et
a; since this approach gives cumbersome formula it is used the second ader Chovitz theory to
fadlit ate the study. This approac is aufficient for most applicationsonasmall scde. At the sametime
it is gudied the diff erence between dired formulae and formulaeobtained using second ader theory.



Geopotential model for the north-east Atlantic (M. J. Sevilla et al.)

A new geopdential model tail ored to gravity data in the north-east Atlantic was developed. The
new geopdaential model (FCUL96B), completed to degree and ader 360, tas been cdculated using a
new set of 30 x 30 mean freeair gravity anomali es obtained from several ocean gravimetric missons
since 1975to 1990.The cdculation d the tailored model was based onthe OSU91A coefficient set,
that was used as a start model. The mmparison d EGM96, OSU91A and FCUL96B, with altimetric
data obtained from ERS1 and TOPEX, reveds a better acaracy of the FCUL96B model. In this area
EGM96 geopaential model reveds a better fit to the gravity field than OSU91A but nat as goodasthe
tail ored model FCUL96B. From the results we obtained, we verify that atail ored model can provide a
superior reference surfacefor locad and regional solutions, if the gravity data used in the tail oring
processwas improved in quality or in density.

Satellite altimetry (M.J. Sevilla et al.)

ERS-1 satellite dtimetry data correspondng to the second multi disciplinary phase of the satellite,
have been used over a zone in the North Atlantic during fifteen months of misson. They have been
correded o al modelled effeds. A data validation has been dore using criteria related with the
observed and average statisticd values. Mean arcs are obtained from a yea to take out the seasonal
effeds. After getting them, crossover points between ascending and descending arcs are determined.
Residual differences are adjusted by least-squares. Two parameters are obtained for every arc. The
mean sea surface obtained with the ajusted residuals is tested over Canary Islands region with a
gravimetric geoid.

Satellit e dtimetry from Geosat (18 months) and ERS-1 (10 months) geodetic missons provide data
with a very dense coverage, allowing a very detail ed recovery of the gravity field. Staded data from
TOPEX/Poseidon (6 yeas in a 10 day repea cycle), ERS-2 (4 yeas in a 35 day repea cycle) and
Geosat ERM (2 yeasin a 17 day reped cycle) are used to define apredse reference frame where the
previously mentioned data ae adjusted.

The dfed of the seasurfacetopography is reduced by fitting ead profil e of the seasurfaceheight
to the arrespondng profile of the EGM96 geoid unduation. A remove-restore procedure is used to
obtain residual sea surface heights eliminating the ontributions of the low (with the global
geopaencia model EGM96 as reference field) and high (the dfea of the topography/bathymetry is
computed using the RTM corredion with the locd acairate bathymetric model AZDTM98 and global
JGM95E) frequencies to the seasurfaceheights. A validation procedure is then applied, comparing
ead value with an estimation oliained using least squares coll ocation. A crossover adjustment using
bias and tilt parameters is followed by the estimation by least squares collocaion o a dense grid of
residual geoid unddation wsing the validated data. Finally an efficient method kased onFast Fourier
Transform is used to oltain the residual gravity anomalies by inversion d the mentioned grid. After
adding the contributions to the gravity anomalies from the global geopaencial model and from the
topagraphy/bathymetry, the result is compared with adjusted gravity data obtained by gravimetric
surveys.

High precision bathymety and geoid computation (M. J. Sevilla et al.)

The dfed of a new detailed regional terrain model on geoid computation hes been studied. A new
detailed bathymetric model around Azores Idands has been constructed based on rew ocean depth
information oliained from echo soundngs during ship surveys. These bathymetric datawere merged with
high predsion reight data on land grodwcing a new terrain model (AZDTM98) with 1'x1" resolution on
sea ad 20'x20" onland. Globd digital terrain model JGPO5E was compared with AZDTM98 mode.
Sea and land gravity data mvering the aeawas merged with satellit e derived gravity anomalies for geoid
computation. Least squares coll ocation was used for geoid estimation ac@rding to the remove-restore



technique using EGM 96 geopotential model and RTM method. Two geoid solutions were obtained from
AZDTM98 and JGPI5E models and compared with 134 GPS stations on land and with ERS-1 and ERS-2
atimetric data on sea. From this comparison it was found, on sea, a slight improvement for AZDTM98
model after the removal of the trend surface, reaching the level of 5 cm in the difference between the two
models. The new detailed bathymetric/altimetric data did not improve the geoid solution as it was
expected.

Gravity and M ean Sea Surface and geoid (M. J. Sevilla et al.)

In the last years, several data sets and gravimetric, bathymetric, mean sea surface models have
appeared globally or just for the Mediterranean Sea. Analysing them it is possible to see that there are
significant discrepancies between the models provided by different authors or organisations. We present
such differences and conclude the most representative choice in our opinion, for the Mediterranean area.

In geodetic and oceanographic studies generally, some reference surfaces are needed. These
surfaces must represent as much as possible the gravity .field of the Earth and the height/bathymetry
systems. In the last years, several gravimetric, bathymetric, and mean sea surface models have
appeared. Analyzing them it is possible to see that there are significant discrepancies between the
models provided by different authors or organizations; there are also differences between the models
and data obtained by independent measurements. We present the analysis of such differences and
determine the most representative choice of models, in our opinion, for the Canary Islands region.

Gravimetric and altimetric data are used to assess an estimation of the sea surface topography in the
Western Mediterranean Sea. Thisis a complex area from different points of view, due to the presence
of several idands, coastal lines, shallow waters and a peculiar hydrologic equilibrium due to its
proximity to the Atlantic water exchange area. Firstly, a gravimetric geoid was computed using the
least-squares collocation (LSC) procedure with the classical remove-restore technique. We also
present a local mean sea surface generated from repeat ERS-1 altimeter data fitted to TOPEX. We
chose this satellite because it offers a better spatial resolution than the TOPEX data. The time span
used in the computations is one year. This is a useful interval for averaging out the regular seasonal
variations, which are very large in this area. We present the comparisons between the gravimetric
geoidal heights and the adjusted sea surface. This is a way to obtain a rough estimation of the sea
surface topography (SST) since we also include the errors in the two surfaces and other oceanic
signals. The differences obtained are physically reasonable with a mean of 17 cm and standard
deviation (s.d.) of 39 cm. A significant similarity is observed between the features reproduced by these
differences and the bathymetry in the area, suggesting some sort of correlation between both
magnitudes for the studied region. If we accept such correlation, the SST may be described as a
function of depth. This procedure lets us filter out the short wavelength part of the geoid from the first
SST estimation.

A mean sea surface model is used as the frame of reference in processing altimeter data. This work
focuses on ascertaining the extent to which results depend on the different mean sea surface models
used. In particular, we have analyzed the results from the OSU95MSS and the CLS SHOMv.98.2
models in an area in the North Atlantic Ocean comprising the Canary and Azores Islands. Special
attention has been paid to data editing and several criteriawere proposed. The amount of detected data
is quite small because we used a well corrected data set. However, it was enough to show important
relations between the applied criteria and the kind of area. Therefore we analyzed the best way to
apply these criteria according to the areas where the points have been found. Singular areas related to
several factors have been detected by all the suggested criteria. In particular, rough sea bottom
features, dynamic circulation, and amphidromic points of the tidal waves, among others. As aresult of
this analysis, we have not considered it appropriate to remove all the detected points. Two time-
averaged and corrected mean sea surfaces were determined in the test area.
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3. INSTITUTE CARTOGRAPHIC OF CATALONIA (BARCELONA)

INSTITUT CARTOGRAFIC DE CATALUNYA (ICC)
Parc de Montjuic, s/n.
08038 — BARCELONA (SPAIN)
TIf. ++ 34 935 671 500
Fax. ++ 34 935 671 567
URL: http://www.icc.es

1. SPGIC: Sistema de Posicionament Geodtsic I ntegrat de Catalunya

Since 1991, the Institut Cartografic de Catalunya (ICC) has been working on the SRGIC projed
(Integrated Geodetic Positioning System of Catalonia), based on sparse geodetic networks, the
knowledge of the geoid and GPS SRGIC may be defined as a set of geodetic permanent stations,
networks, procedures, regulation deta, communications, software, hardware and technicd advice for
the purpase of high-predsionlocd paositioning in Catalonia.

1.1 XU: Xarxa Utilit riade Catalunya

The objedive of the XU isto have amodern and accessble geodetic network. Modern becaise XU is
a threedimensional network, where horizontal and verticd comporents are computed at the same
time. Accesgble becaise the distribution o its points adapts to user necessties and tecindogy. In
order to know the description, locaion, coordinates and information associated with ead ore of the
XU vertices, for ead pdnt a file with al the information is generated. These files can be mnsulted
and printed freeof charge through Internet (http://www.icc.esressenyes/homeang.html).

Until the end d 2002, XU has observed 2138 pints with GPStechndogy. In the next yeasthe ICC
try to finalize the implantation d the XU with abou 2000additional points, at the rate of abou 250
points per yea. The density of the XU depends onthe difficulty of ROl accessand onthe dynamics of
the territory.

1.2 XdA: Xarxad Anivellaci

In a high dynamicd territory, like Catalonia, the mnservation d the leveling network can become a
difficult task. In order to densify the NAP (Nivdacion e Alta Predsion) network from the Instituto
Geografico Naciond (IGN) the ICC is leveling since 1998the Xda network. Other objedives of the
XdA are the am to oltain a more homogenous coverage and to improve the mnservation d the
leveling points in Catalonia. The permanent GPSstations (CATNET) are dso being leveled as part of
the XdA projed. At the end d the 2002, 456&m have been measured, continuing its observation at the
rate of 100km annual. XdA asaures apredsion Imm by square root of level km.

Since apart of the leveling signals are locaed in optimal sites for the GPS measures, the XdA

faalit ates the predse determination o geoid profiles. These profil es are useful for the evaluation o
the predsion d the geoid andfor its later improvements.

1.3 Tidal gauge stations

Since 1990,the ICC has been storing data from the tidal gauge station |’ Estartit and has been
coll aborating with ather institutionsin Spain.
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1.4 GPS per manent stations

One of the kernels of SPGIC project is the network of GNSS permanent stations that the ICC has
implanted on Catalonia (CATNET). The network was conceived mainly to offer a public service of
GPS data. Its main client is the own ICC, for the necessities of kinematic positioning of its airplanes.
The network was designed from an initial triangle (corresponding to the three ends of the Catalan
territory) and has been densifyed progressively towards the interior. Throughout 1999, the first phase
of this densification was completed with a network of 8 stations (5 of them members of the EUREF
Permanent Network, EPN). From year 2000 the second phase of this densification is under
deployment. Ending with atotal of 14 stations in 2004. The coverage provided by a set of 14 stations
will alow implementing systems of RTK positioning in real time in a robust form, since the mean
distance between stations will be of 70 km.

We can distinguish two types of stations. geodynamics, in which the point is materialized with a
structure of great robustness anchored in the subsoil and that is going to allow to us to use its data for
studies of cortical deformations; and non-geodynamic, with one structure that guarantees the stability
of the antenna in the long term although not at the mm level. All the stations implemented during the
first phase belong to the geodynamic type whereas in the second phase they are going away combining
geodynamic stations with non-geodynamic stations.

By reasons for redundancy the data can be downloaded to ICC by two different ways via modem or
via satellite using VSAT (Very Small Aperture Terminal) network. Since 1999, VSAT technology is
considered as the main telecommunications system to the GPS stations, covering at the present time 7
of the total of 10 stations. This implantation is made jointly with the Unit of Geology that has
implanted it in its new seismic network.

1.4.1. GeoFons

The GeoFons service, initiated in 1995 and at the moment through Internet, have been extended and
improved, offering now the following products:

* Observations of CATNET network. RINEX standard format has been adopted for all GPS

files, as a standard product.

*  Geoid, datum transformation parameters, XU coordinates, etc.

* Reviews of the XU points.

» Software of free distribution created by ICC.
Daily, the files of GNSS data of stations AVEL, BELL, CREU, GARR, EBRE, ESCO, LLIV, MNTC
and PLAN are available in the network, as much in form of hour-files at a rate of 15 seconds, like in
daily-files at a rate of 30 seconds. In addition, VSAT system offers to the users hour-files at 1-second
ratefor AVEL, BELL, CREU, EBRE, GARR, LLIV and PLAN stations after few minutes to complete
the hour in course. This capacity will be extended to the rest of stations according to these are
incorporating VSAT system. The availability online of the hour-files is of 30 days, athough also
service is offered off-line under order to geofons@icc.es. Access to the GeoFons service is free of
charge through anonymous FTP (ftp.icc.es). More information can be found in http://www.icc.es.

14.2. RASANT

Since 1995 the ICC is offering the RASANT service consisting in the transmission of RTCM SC-104
code corrections via Radio Data System (RDS). Its operative phase initiated at the beginning of 2001
with the installation of the Integrity Monitor System, according to standards RSIM. This system
allows a continuous monitoring of the state of the broadcasting and the quality of the transmitted
corrections.
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14.3. CATNET-IP

The use of Internet and the present fadliti es for movable devices to accessInternet, as well as their
cgoadty to transmit data continuously, make this way of data transfer very suitable to dfer severa
differential positioning services. With this goal and leaded by the BKG (Bundesamt fur Kartographie
und Geodésie) within the EUREF-IP projed, the ICC has garted atest phase of the service CATNET-
IP, based ona stationinstaled in the ICC.

The service works under the mncept of client-servant. The servant gathers the data of a GPSrecever
and makes available for the dients, via TCP/UDP ports, the generated data. The IANA (Internet
Asdgned Numbers Authority) has reserved pats 2001and 2003for the transmisson o differential
GPS data by Internet. Thus the dient applications, in fixed patforms or movable, seled a servant
through its connedion to Internet and conred its client applicaion. For more information abou this
projed and for unloading sample software, one can visit the following Internet site,
http://igs.ifag.de/euref_redti me.htm

1.4.4. CATPOS

The ICC is developing a public positioning service, free of charge, CATPOS, which provides GPS
users of coordinates at centimetre level (up to 10cm depending on the quality of the data) from the
network of permanent stations CATNET.

It offers a positioning system based on doube frequency static GPSdata, in RINEX format and wsing
Internet techndogy. After making a GPSobservation in a paint, the user must fill i n a questionraire,
which sends his observation file to the ICC. Then an automatic processis adivated based onthe
Bernese Processng Engine (BPE) of the Bernese Software Padage v.4.2.Eadh file will be processed
with resped three CATNET stations. The seleded stations are chasen considering the distance,
number of observations, operatively, etc. The position associated to the data will be given bad to the
user via dedronic mail i n few minutes.

1.5. GeoCat: Geoide de Catalunya

Geoid determinationis gill one of the main adiviti es of the geodetic reseach. Sincethe determination
of the geoid of Catalonia, UB91,in 1991 the situation has been improved sensibly:
» There ae new global gravity field models (EGM96, EGG97, GPM98), which have improved
considerably the OSU89 model used in UB91 determination.
» Combined GPSlevelling observationsin XU-XdA points.
*  New DTM determination d Catalonia.
* Pointswith olserved defledions of the verticd.

It has been deteded and correded an absolute off set of 80 cm observed in the UB91 geoid.
Also in some projeds, several areas with grea gradient disturbances have been deteded.

There ae plans for a new determination d a predse Catalan geoid by using GRAVSOFT software.
GRAVSOFT is a FORTRAN padkage that all ows the determination d the gravity field, spedally the
determination d locd geoid models using the well -known remove-restore technique.

The ICC has coll aborated in some projeds abou sealevel measures based onGPSbuoys:

» CATALA: absolute cdibration d the dtimeter Topex Poseidon. In this projed, 2 GPSbuoys
have designed and built. Each buoy consists of afloating system to lodge a dioke ring antenna
for the predse study of the sea surface The ICC has participated in the GPS observation
campaign in the zone of Llafranc. It has made the asmbly and the wntrol of a reference
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station in the zone. It has built and olserved with GPS a leveling benchmark in the port of
Llafranc in order to equip with predse height atide gauge located in this port.

* CRAC: development of a system of geocentric measures of the sealevel (FEDER 2FD97-
0588. The ICC has participated in two observation campaigns with the GPSbuoys defined in
the CATALA projed.

2. High precision positioning

Within the frame of the PotSis (Potencialitat Sismica del Pirineu Oriental) projed for measuring
crustal movements in the eatern Pyrenees the, PotSis 99 campaign has been caried ou. The
campaign was dore from 28 June 2000 urtil 2 July 2000with 11recavers GPS(3 Trimble 4000SS,
1 Trimble 4000S<E and 7 AshTedh Z-xii 3), antennas choke Ring and permanent station CATNET of
Llivia (LLIV). The PotSis point in Llivia has been conreded with the CATNET station LLIV, so
continuows GPSdata ae obtained for this dudy. The Bernese software package v.3.5 tas been used
order to cdculate the GPSbaselines using final 1GS predse orbits and data from the nearest EUREF
permanent stations. The resulting network has been adjusted using GeoTeX/ACX and a predsion d
3,5in panimetry and 5mmiin altimetry have been oltained for the 24 pants of the PotSis network.

3. GEOVAN

Land Based - Mobile Mapping Systems (LB-MMYS) is a technique for compiling cartographic
information from a mobhile vehicle. With the objedive to develop its own LB-MMS the ICC has
developed the projed GEOVAN. GEOVAN is based onthe orientation and pgsitioning subsystems
and allows aflexibleintegration o different kinds of sensors (digital cameras, lasers...). The systemis
equipped with a structure where the sensors are rigidly attached, so it is posdble to transfer the
orientation computed by the GPSIMU to the Earth olservation sensors. Initially GEOVAN integrates
two digital camerasin order to form oriented stereoscopic models.

5. GeoTeX: Geodésia, Teledetecdd i Xarxes

The GeoTeX system is a general geodetic and phdogrammetric point determination system, which is
ableto ded with any type of geometric functional model.

The atomatic eror detedion duing the wmputation alows, together with the dynamic
implementation and memory allocation d the new version d the AdIL format, ACX to be arobust
and operative system for any kind d projed. During this period, it has been continued the
development and implementation d new mathematicd models and rew toals to transform data.

6. Public service

The ICCis coll aborating with I’ Escolad’ Enginyeria TeaicaTopograficade la Universitat Politemica
de Barcdona (UPC) and Departament d' Enginyeria de Geodesia, Cartografia i Fotogrametria,
Universitat Politémicade Valencia onsevera student diploma projeds.

The Collegi Oficia d’ Enginyers Temics en Topografiade Catalunyai Baleas, the Geomatics Institute
andthe ICC organized the IV Setmana Geomaticade Barcdona (Sitges, 3-6 April, 2000.

7. Publications

R.Alamus, A.Baron, J.Talaya 2001.“Integrated sensor orientation at ICC, mathematicd models and
experiences’. Procealings of the OEEPE Workshop“Integrated Sensor Orientation”. Hannover.

E.Bosch. 2000.“Nuevas temadogias para d establedmiento de servicios de wrrecdones diferenciales
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INSTITUTO GEOGRAFICO NACIONAL
General Ibafiez de Ibero, 3
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ph.: 34 91 597 9768
fax: 34 91 597 97666
e-mail: adalda@mfom.es

1. REFERENCE SYSTEMS
1.1REGENTE

Aiming the set of an urified European cartography, it is indispensable the aordinate wnversion o
National Geodetic Reference Frames to the ETRF89 Frame. Such a determination requires the
knowledge of coordinates in bah systems in a very high number of stations uniformly distributed,
shoud this number be higher if theirregularitiesin the locd Frame increese.

In the cae of Iberian Peninsula and archipelagos, the IGN dedde to fix the problem by REGENTE
Projea (Spatial technique National Geodetic Network), consisting of setting up a dense GPS high
predsion retwork with coincident stations to ROl (Third Order Geodetic Network) and some
benchmarks of High Predsion Levelling Network. The mean density was fixed to ore station per
MTN shee (National Surveying Map) scae 1:50,000 that is, ore station per 300km?.

REGENTE will be perfedly linked to the ETRF89 reference network, thus IBERIA95 and
BALEAR98 which stations are REGENTE points as well. REGENTE Canarias (Canary Islands) was
leaned, as reference station, onMaspalomas (VLBI and IGS station).

Objetives

With REGENTE Projed the foll owing objedives are reated:

* Implementation, observation and co-ordinate determination, for entire Spain, of a three-
dimensional basic class C network, with an absolute precision better or equal than 5 cm.

* Obtainment of predse transformation parameters between reference system of National Geodetic
Network, ED50, and that of REGENTE, ETRF89.

* Toeasevalid datato debug Spanish geoid of centimetre predsion. REGENTE projed is suppated
with relative Lacoste-Romberg gravimetric observationsin every point.

* To eae suppat to the high number of GPStechnique users, so that any national point could be
inside amaximum circle of 15km. with centrein a REGENTE station.

REGENTE paints have to fulfil the foll owing requirements:

* Belong to the National Geodetic Network, or VLBI or SLR.

» Common fedures to a GPS station: easy vehicle acces open haizon above 1(°, enough
distance from elements, which might cause multi path o interferences.

» As REGENTE is a threedimensiona network with olserved elli psoidal heights referred to
GRS80 and shoud perfedly be linked to National Geodetic Network ED50, which heights are
referred to sealevel, it has been established that more than 10 percent of points shoud have
orthometric height, with sub-centimetre predsion, through the link to the High Predsion
Levelli ng Network, NAP.

*  Whenever the requirements of a GPSstation are fulfill ed, the Laplacepoints will be included
in REGENTE and the second ader astronamicd stations.

+ Ead pant of IBERIA95 and its extend BALEAR98, elong to REGENTE.

* Toserve sareferenceframe for loca networks used for geodynamic.
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In the same way, 12 pants have been included in Canary Islands REGENTE net. Its fundamental
point isthe VLBI station d Maspalomas, in Gran Canaria.

Realization
The mark and olservation tasks which begun in 1994readed two thirds of the projed in 1998,and
kept on through the period concerning this report till their endin 2001.

Definite structure

REGENTE consists of around 1078stations in the Iberian Peninsula and Baleaic Islands, ore per
MTN shed (National Surveying Map) scde 1:50,000,which implies a mean dstance of 20to 25km
between stations. In the Canary Islands, REGENTE Canarias, REGCAN95, consists of 72 stations
delivered in seven islands with a maximum of 21 in Tenerife, and being 5 the minimum in every
minor islands of El Hierro and La Gomera.

1.1GPS Reference Station Network (ERGPS)

Introduction.

Since its in 1991the International GPS Srvice (IGS), more than 220 grmanent stations operate
continuowsly with doube frequency GPSrecevers with the objedives: to better, extend and define the
International Reference Frame (ITRF); study of terrestrial Geodynamics; determination eath rotation
variations and pde oordinates; processng and dstribution o predse orbits.

It was the IAG sub-commisson for Europe, EUREF, which dedaded the set and control of the
permanent European GPS Network, by forming a densificaion cdled EUREF Permanent Network
(EPN).

The Spanish network, ERGPS.

Since March 1998when the National Geographic Institute begunthe install ation o permanent stations
on retiona territory, 16 ERGPSform the aurrent network, which is fully operative and ten of them
serve datato |GS and EUREF for definition d World and European Frames, respectively.

The link of Yebes permanent station (Y EBE) to the telescope by high predsion geodetic observations
and its integration in IGS makes posshle the transference from VLBI observations to the network,
being its kernel of IGN analysis.

The ERGPSarealy installed are locaed in:

- ALAC - Tide-Gauge of Alicante (IGN).

- ACOR - Tide-Gauge of La Corufia (IGN).

- YEBE - Observatorio Astrondmico de Y ebes (IGN).

- ALME - Observatorio Geofisico de Almeria (IGN).

- VALE - Universidad de Vaencia

- MALL - Instituto Espafiol de Oceanografia de Mallorca

- MALA - Observatorio Geofisico de Méaga (IGN).

- CANT - Escuela de Ingenieros de Caminaos, Canales y Puertos (Univ. Cantabria).
- SONS - Observatorio Sismol6gico de Sonseca(IGN).

- CACE - Universidad de Extremadura en Cacees.

- RIOJ - Observatorio Geofisico de Logrofio (IGN).

- LPAL - Observatorio Astrondmico Rogue de los Muchachos (Inst. Astrofisico de Canarias).
- CEUT - Autoridad Portuaria de Ceuta.

- HUEL - Universidad de Huelva.

- VIGO - Ingtituto Espafid de Oceanografia de Vigo.

- ALBA - Universidad de Albacete.
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The following table shows the data availability dates, the belonging network to EUREF or IGS and the
hourly transfer datain "near real time" (nrt < 10 minutes).

ERGPS Datos | EUREF | IGS | Nrt
ALAC 04/98 X

ACOR 01/99 X

YEBE 05/99 X X X
ALME 12/99 X

VALE 12/99 X

CANT 03/00 X X
MALA 03/00

MALL 05/00 X X
SONS 12/00

CACE 12/00 X X
RIOJ 04/01

LPAL 05/01

CEUT 07/01

VIGO 09/01

HUEL 12/01

ALBA 09/02

Table1 - ERGPS Network.

ERGPS Objetives.

» Obtainment of very precise coordinates and velocity field in all points of the network.

* Contribution to new definition of Global Reference Systems (ITRFxXx).

* To belong to European Network of permanent stations (European Reference Frame).

*» To use raw continuous data for Geodynamical, Tropospheric, lonospheric studies.

* To provide GPS users, publicly, data for geodetic, cartographic, surveying and positioning worksin
general.

Data flow.

Data generated from ERGPS are daily recorded and sent automatically to IGN Central facilities in
Madrid (Euref Local DATA Centre) by INTERNET network or phone lines. Data transmission is
carried out by ADSL line for stations which had only pone line.

IGN processes raw data, checks quality and arranges the next sub products for the scientific
community and itself, incide the analysis step.

Data are sent automatically by internet to EUREF Regional Data Centre in Frankfurt (Germany), and
arranged in a public access IGN data server.
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1.1GPS per manent network processing by IGN: Analysis Centre of EUREF

I ntroduction.

Actually, 16 stations form the National GPS Sation Network (ERGPS of IGN. Most of them are
integrated in EUREF or IGS, and ke de organisation d EPN, that could be sumupin:

- Local Data Centres (LDC). They receve the data of all stations of a locd network and
distribute them to the users.

- Regional Data Centres (RDC). They save dl EUREF stations data, and even IGS.

- Local Analysis Centres (LAC). They processa subretwork of EUREF stations. Now there ae
16 LAC’sin Europe.

- Regional Analysis Centre (RAC). Coordinates the global processng, combining and linking the
different sub retworks of LAC, offering weekly results in SINEX format to be sent to IGS.
Nowadays thistask is carried by Bundesamt fur Kartographie und Geodaesie (Germany).

Together with the station data management, the main EPN prodict is the weekly estimate of station
coordinates. This is the so cdled “EUREF combined solution”, based on combination d solutions
given by the LACs. They processtheir sub networks foll owing a spedfic rules. The weekly combined
solution is formed after removal of constraint ments made by LACs, adjusting the global solution to
the International Terrestrial Reference Frame (ITRF) fixing a seleded station set, which are updated
monthly from ITRF velocity fields.

Thus, ead EPN station is processed by at least three LACs. These solutions, bah LACs and weekly
combined solution, are available through anonymous ftp:// igs.ifag.de/putEUREF/produwcts/( GPS
week) o ftp://epnch.oma.be/pulyproduct/combin

IGN, Local Analysis Centre of EUREF.

Since the first web of September (GPSWEEK 1130 and after the tests made when introducing our
solution into the final combined European solution with satisfadory results, the IGN geodetic
department has becane a1 EUREF Analysis Centre, processng an Iberian network with a total of 23
permanent stations. The threeletter acconym used is IGE.

Processng is dore by Bernese Proccessng Engine BPE 4.2, as an automatic procedure. Weekly
solutions are reported in SINEX format (Solution INdependent EXchange format), together with a
weekly SUMMARY of results and seven troposphere parameter files (one per week day)
correspondng to a spedal projed of estimation d troposphere parameters (zenith path delays) of
EUREF.

The processng strategy caried ou by IGN fulfils the last recommendations of LAC’s workshop
which took placein Warsaw, to which al LAC’s snce GPSweb 1130(2nd September 2001), date of
official joining of IGE as Analysis Centre of EUREF.
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Processing strategy.

The Bernese Processng Engine (BPE) modue dlows, through chaining scripts, automaticaly adieve
fulfil in an optimal way al processng, which, step by step, would be tedious. Almost all LACs used
Bernese software for their sub retwork analysis. Platformswhere BPE isrunin IGE are Unix and Linux.

The main processng rules, following EUREF general spedficaions are:

Pre-processng: phase by using triple differences in baseline mode. Most of cases the gycle dlips are
simultaneously fixed by different linea combinations of L1 and L2. If a ¢/cle dlip are naot fixed, the
bad data ae removed and rew ambiguities are fixed.

Basic observable: of course, phase carier. Codeis only used to synchronize recaver clocks.
Elevationmask : 10 degrees.

Datainterval to fix ambiguities: 60s.

Datainterval of final processng: 180s.

Modelled olservable: doulie diff erences and ionosphere freelinea combination.

Phase aitenna ceantre cdibrations: corredions to phase centre dependent of elevation for different
types of antennas, acarding to IGS cdibrations.

Tropasphere: a priori Saastamoinen model and estimation d ZPDs (zenit path delays) with 1 hou
interval for ead station by Dry-Neill function. Besides this generates troposphere fil es already quated
for aspedal projed of troposphere parameter estimation.

loncsphere: not modelled in final solution, ionasphere removed bye forming free ionosphere
combinationwith L1-L2.

Orbitsand ERP's (Earth Rotation Parameters) andfinal 1GS predse orbits.

Other parameters. planet ephemerides DE200,JGM3 pdential model and GOT99 acean loading and
tide model (last recommended by 1GS).

Removal rule: nore during parameter estimation. Outli ers are marked when pre-processng.

Constraints: only YEBE (0,1 mm), network kernel, weekly updated coordinates with ITRF2000
velocities, coming from VLBI. Radiotelescope vedor VLBI-GPSperfedly determined.

Troposphere: houly estimation d ZPD"sfor every station.
lonasphere: not estimated.

Ambiguities: QIF strategy (Quasy lonasphere Freg) for ambiguity resolution for every baseline. These
fixed ambiguiti es are introduced into the final solution.

Satellite docks: drifts are not estimated, bu removed by forming doule diff erences.

Recaver clocks: drifts estimated during pre-processng using code measurements.
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2. MANTEINANCE OF GEODETIC NETWORKS
Maintenance of the third order geodetic network (ROI)

During 2000, 2003and 2002the ROI maintenancethat concernsto dsappeaed points due to dff erent
causes (puldic constructions, urbanizations and so on) has been carried ou, where anew mark must be
placed, the observation and compute the new coordinates.

- In 2000the network was densified in Segovia provincewith 33 rew station marks.
- In 2001 17tation marks were repaired in Avila province
- In 2002 46station marks were repaired Cacees province.

3. APUBLIC SERVICE. Geodetic Data Server (SERDAG)

Origin of project

From the foll owing elements:

- Geodetic Data: coming from field observations (old or new), with a new structure in dgita
format and Data Base storage.

- IGN or external Users (technicians, enterprises and state national and international Institutions)
who reeal this data for their work.

- Technological Advance: which serve Observations and all ow a new way to deliver data.

IGN Geodetic Department, isforced to develop atodl to give servicethat users demand:
The Geodetic Data Server would like to put avail able to any user the records included in Geodetic
Department data bases through searchers via Internet with an easy, quick and friendy access

Data Bases: developement

From ROI (Third Order Geodetic Network), begunin 1994the development of the structure of future

Data Bases under Microsoft Access®.

Development Phases:

- Best structure study (tables, fields, data...)

- Design o and relationships between tables, queries, display forms and grinted reports only for
internal works.

- Base aedionwith study and design steps.

- Available data loading (old and rew observations) and links to similar elements to those data
(phaographs, drafts...)

Thislast step is being exeaute wntinuowsly and updites Data Bases with new observation records.

Data Bases: types

From this gructure, the following Data Bases have been elaborated:

- Territorial information. Data coming from “Consejo Superior Geogréfico” needed for territorial
record linking.

- Geodetic Network (ROI). ED50 and WGS84 coordinates, angle observations, station shed,
phao, sketch... d geodetic points.

- Gravimetric Networ k. Geographic and Gravimetric data, resefias, topagraphic corredion ...

- New Levelling Network. Data from nail s that form the levelling lines and kranches. It includes
Bases from CANARIAS and INTERREG-II. Now the Spanish Network is being reobservation
phase.

- Tide-Gauge Network. Being developed. Special works. AENA and TUNEL PIRINEOS

Data Bases: GPS Permanent Stations

They are spedal data that are not organized in a Data Base. They are stored in files gructured by:

Station coming from (out of 20 that form the network); date and hou interval of observation (full day

or hour windaw); Time Interval (in seands) between olservations (every 5 or 30 s); and Type of

values contained as Observations or Navigation Data.
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SERDAG Tod

Applicaion plysicdly placel in a Server and consists of several Web pages and programs that,
through inqguires snt by a austomer via Internet, looks for geodetic data in copies of the data bases
and deliversthem in arder in aspedfic way.

It isfully complete with:

- A setof information pages abou feaures and record type of Data Bases.

- Utility tods for data management.

The server is gructured in the foll owing comporents:

- Geodetic Data Bases: Copy from originals and orly read property.

- Permanent GPS station Data Files: Reaords formed dail y with raw data delivered by the stations.

- Applications: Programs and uiliti es developed to ease user’s work with data provided. They are
spedfic of ead base and athers are shared.

- Customer Data Bases: For user registration that ask for data and control of recevement.

Data Server: It is the main task made by th Server. Basicaly consists of:

- Program: Program code developed in VisualScript. It is in charge to ded with Data Bases and
their formulars arrived from customers and data sent as aresult of aseach.

- Web pages: HTML and DHTML code. It isthe dement for the Program to conned to customer.

Component Organization

In order to implement the Main Page, diff erent comporents are delivered in two levels:
General Information. Explain every Data Base, its records, utility to be given and linked
aplications.
Searchers. Spedfic for eath Data Base. Fadlitate acces to its records through mditiple
options.

SERDAG. It gives accessto main page which reports briefly abou Data Bases.
- General Information. Contains all general information level.
- Geodesy in the World. Speda Sedion that includes addresses and links in Internet where to
find more geodetic data.
- Data searchers. Permanent GPS Sations; Geodetic Network; Levelling; Network; Tide-
Gauge Stations; Gravimetric Network

1. SPECIAL WORKS

1.1. Coordinate determination in WGS84 system of “VILSPA1” antenna and calibration tower
in spatial facilities of Villafranca Del Cagtill o (ESA)

By request of European Spatial Agency was dore october 1999with:

Objetives
The am of this work was to oltain WGS84 system coordinates to 15m antenna named VILSPAL and
two cdibrating antennas, placed in a metalli ¢ tower of abou 40 m height. The foll owing procedure:

Realization
First a GPSsix pant network was observed, with double Trimble 4000 SE frequency recevers.
These points are:
"REF1", "REF2" and"REF3", aroundVILSPA1 antenng;
"VILA2", nead SATAN antenna
"VILA3BIS', in station main bulding terrace New point dueto “VILA3" disappeaance
"Doppler Este", named 5582in spanish national GPSREGENTE network.
Observation time varied between 2h 08n the lowest and 3h 04n the highest, with a 15 s interval
measurement and a devation mask of 15°.
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Secondly from three references were got the eight points (coordinates) of the structure of the antenna,,
through bisection with Wild T2 theodolites and distance measurements with Wild Distomat DI-3000,
to determine the geometric centre.

In third place, from VILA2 and VILA3BIS, two antennas were radiated and the pointing triangle
placed in calibration tower by a Wild T2 and Will Distomat DI-3000 distance meter.

Processing
Vector processing of GPs network was done with GPSurvey Trimble Navigation software, using 5582
point as fiducially, already quoted as REGENTE network point, which is defined in WGS84 system.

Afterwards an adjustment of those resultant vectors was made with Geolab sofware, obtaining finally
the WGS84 dllipsoidal coordinates of the rest 5 points.

From the three point coordinates called REF1, REF2, and REF3, a least squares adjustment of the
angle and distance observations for the determination of the eight structure points of VILSPAL was
made. A least squares adjustment of the three calibration tower points was also made.

These |last ones were a so prcessed with Geolab software.

11.  High precison levelling and GPS tasks for National Airports And Aerial Navigation
(AENA).

The Geodetic Department of Instituto Geografico Nacional carried out in 1999 a GPS campaign for
transfer geometric orthometric height to twenty four airports in the lberia Peninsula, other three
airports in the Balearic Islands, and one in the city of Mdlilla. In Canary Islands airports a high
precision levelling network (NAP) was done, due to the small distance between AENA signal chosen
in each airport and the corresponding NAP line of theide.

Objetive
To give orthometric height with a better precision than 0.10 m, to the levelling networks built by
AENA intheir 36 airports.

M ethodology

With support on REGENTE and in two benchmarks of High Precision Levelling Network of IGN
(NAP) closer to the airport, the observed network was completed with two signals of the levelling
network established by AENA inside each airport. This methodology was applied to 24 peninsular
airports, 3 in the Balearic Islesand 1 in the city of Méelilla

Processing

UIT the specific compensation in each airport within the frame of REGENTE, ellipsoidal coordinates
(WGS84) to AENA point network are given, the knowledge of orthometric and ellipsoidal heightsin
the close levelling marks (NAP), allows to determine an mean geoid undulation value above WGS84
ellipsoid, valid for any point at the airport not lower than a 0.05 m precision. In the isles, given the
actual uncertainty in th precise determination of mean sea level (as a consequence of the limited
observation time of tide gauges installed, or lack of them), the uncertainty was increased to 0.10 m.
The precise geoid knowledge in every airport facilitates greatly the use of GPS observations in them,
allowing ellipsoidal height conversion to orthometric (and vice versa) within the assigned precision to
the geoid undulation.

3.3 Vertical deviation determination in millimetrical radioastronomic observatory of Pico
Veleta
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In July 2000 the necessary tasks to determine vertical deviation, the angle between ellipsoid normal
and geoid normal at the same point placed for this purpose in Pico Veleta, were carried out.

In order to obtain the vertical deviation in a point the suitable relationships between astronomical
coordinates @, A, H and geodetic coordinates ¢, A, h referred to a certain ellipsoid.

Astronomical and geodetic coordinates differ in vertical deviation (§ and m comporents) and
orthometric and elli psoidal heights, in an N value known as geoid unddation.

Astronamica coordinates must be referred to an inertial reference system, thus in XXIllth 1AU
General Assmbly, which took place in august 1997 in Kyoto, it was dedded to adopt a new
conventional cdestial reference system, which axes were defined by |IERS Celestial Reference System
(International Earth Rotation Service), and its materialization would be the ICRF (International
Celestial Reference Frame) epoch J2000.0which mean ecuatorial coordinates are determined by VLBI
(Very Long Base Interferometry) observations of extragaladic radio-sources.

ICRS pdle is consistent to FK5, with an urcertainty of FK5 pasition related to mean J2000.0 pteis
around 50mas. Right ascension aigin of FK5 has adisplacement from ICRS of —22.9mas.

Similarly, geodetic coordinates have a global reference system, ITRS (International Reference
Terrestrial System) of IERS and which materiaization is ITRF (International Terrestrial Reference
Frame) with GRS80 assciated dlli psoid, which coincides for our sake with WGS84 GPS system
elli psoid.

Thus the procedure for astronamicd and geodetic coordinatesis:

M ethodology
A pill ar nea the observatory was build, so that geodetic and astronamica observations were made.

Geodetic observations

In order to oltain geodetic coordinates a doule frequency Trimble SS recaver was continuously
used recording from 12th July till 14th July in astronomic pill ar.

Simultaneously a doule frequency receaver Trimble SE for geodetic point “Cafadill as’” (belongs to
REGENTE network) and ROI geodetic point “Veleta”.

Finally the GPS Reference Stations of IGN in Malaga and Almeria were used, which continuowsly
record generating 24 hous data.

Astronomical observations

To oltain astronamicd coordinates a Wild T4 theoddite were used from 14th to 1&h July and FK5
star were ohserved. To determine the longitude with Mayer method were used eleven sets with a
minimum of eight stars ead observed set, amourting atotal of 90 stars. To determine the latitude with
Sternedk Methodwas used. atotal of 127 stars were observed, delivered in threesets.

Processing Geodetic Observations

GPS network vedor processng was exeauted with Trimble GPSurvey software, using control points
as Malaga, Almeria and REGENTE poaint “Cafiadill as’, already quaed as belonging to REGENTE
point. All of them are defined in WGS84.

After that, an adjustment of those values with Geolab sofware was dore, oltaining as result the
WGS84 elli psoidal coordinates for IRAM Observatory point and the ROI Veleta paint.

Astronomical Observations
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Procesdng of astronaomicd observations for longitude and latitude determination, has been exeauted
with updited to J2000.0Mayer and Sternedk software by Prof. Miguel Sevillafrom UCM University.

44. Canaryidandsgeoid determination through GPS and levelling.

Introduction.

GPSwide use by geodetic and surveying community for coordinate determination in engineeing and
surveying applicaions outstands the importance of surface geoid knowledge. Thus for example, the
diff erence between dlli psoidal (h) GPSWGS84 oldained height and athometric height could read 10
cm/km in the Canary Idands, which indicaes nat validity in oltaining GPS or orthometric height
differences withou a knowledge of a reliable geoid. Although the geoid is a physicd surface its
pradicd use with GPShas a geometric meaning (h=H+N).

Besides, in catographic, surveying civil engeneaing or even navigation applications, the dli psoidal
dtitude do nd has a red meaning, so WGS84 system substitution instead of traditiona reference
systems shoud live with geoid referred height.

Precision levelling and GPS in Canary Isands.

In 1997the Geodetic Department of IGN, through a subscribed treay between CNIG and “ Consgjeria
de PoliticaTerritorial del Gobierno de Canarias’, dedt with the task of constructing and otserving the
high predsion height networks in al islands of the achipelago. In autumn o that yea begun
observation in esstern ides (Gran Canaria, Fuerteventura and Lanzarote), with a total of 575
kilometres doule high predsion levelling. In 2000, okervation was completed in western islands
(Tenerife, La Gomera, El Hierro and La Palma) with another 600kil ometres.

At the same time, through GPSobservations with doube frequency recevers and rapid static method
WGS84 coordinates to almost all height network points were given, with 2cm RMS error in vedors,
and gravity values.

Geoid determination.

The pradicd geoid unduation knowledge combining predse levelling and GPSobservations does not
present any problem, because N=h-H, ohtaining a RMS error in N determination, s’ \=s+s =+ 0,03
meters, which shows validity of the method.

In this way levelling points and geodetic points were processed (REGCAN, ROI and # order) the
geoid unduation with resped to WGS84 reference dli psoid, in the three eatern isles, establishing a
quality control by kriging croscorrelation, to rejed possble mistaken data or with nd enough
predsion.

Extension to all unddation values to all surfacewas build with a regular net of paints covering the
whole etension d ead ide, of 500x500 meters, extrapdating the unddation value with an
mathematicad way.

M odel obtainment.

Kriging has been the used estimator. Tha samples are weighted and a law to ead sample is attributed;
these weights are cdculated to get aminimum in estimation variance, considering geometricd feaures
of the sample, in that refers to shape, dimensions and relative data pasitioning, those estimated and
those tha @uld be estimated.

To minimize the estimate variance and the goplication equations of kriging to asample, it isnecessary
to know before its change and its defining equation and shape. This function is cdled experimental
variogram, which is adjusted to a mathematica model to introduceinto the eguations afterwards. The
present work every isle experimental variogram is determined in eight plane diredions, 45.

38



Once céculated and dawn, experimental variograms in eight diredions, atest to prove isotropy must
be dore, that is, al are statisticd images of the same underlying variogram (shape and parameter
values). Thus, al can be then sum up in a mean variogram and to fit to a mathematicad curve
(sphericd, power, gausdan, etc) which will be introduced in the kriging equations. Then geoid models
have been determined by different way for the threeislands, cdled GPSNIV.

Combination with gravimetric geoid

This method tes a wedker predsion when extrapolated values are far away from points of height
network. For this reason, a second model using shape of a gravimetric geoid was used, combining it
with unddation values obtained from height networks. CANGEQ97 was the chasen model (M. J.
Sevill @), made by “Faaultad de Ciencias Mateméticas UCM” with data bases from IGN, GEOMED,
Bureau Gravimetrique International and DMA, and a proven quelity. Eventually, a scding was dore,
extrapolating differences encourtered in levelling networks. Process can be summed up into the
foll owing steps:

- Construction d aregular pant net (500x500meters).

- Ncanceo Values were given to pdnts of regular net and to height network points.
- Obtainment of Nogserven-Ncanceo diff erencein the network.

- Extrapdation by kriging of point diff erences of regular net.

- Obtainment in regular net of correded unduation values (Ncanceo + difkric)-

Advantages for this method are evident as geoid tendency in far regions from height network and
while extrapadating through kriging the diff erences encourtered and nd N value, so the variance of
kriging is lower (40 times).

Finally, pradicd exploitation d final model (CANGEO97 scded) is caried ou by a program which
makes a bicubic interpdation from introduced coordinates over 16 pants of net and gives N and
verticd deviation comporents.

Conclusion.

The exposed methodis an excdlent procedure to oltain the geoid with better than 0.03metros, useful
to develop GPSall tasks with arthometric dtit udes needed.

To get the high predsion levelling observation d height networks in western islands of archipelago
has permitted geoid oltainment in the rest of isles, giving a save frame to determine orthometric
heights with GPS and validating a procedure to extend it in future to the rest of Spanish territory in
REDNAP.

1.1. Coordinate determination in radiobeaconsfrom “ Puertos Del Estado”

State Institution “Puertos del Estado” wanted to increese the radioeletric dds to navigation ogerating
in the spanish coast by establishing a DGPS National Network (Differential Global Positioning
System). The DGPS service fadlit ates a greaer predsion for navigation (abou 10 meters) in every
atmospheric condtion, complementando the adual radio navigation techniques through traditional
radio bea®ns, and even improvement of adual predsionwith aid of ship radars. The wverage aeaof
DGPSservicewill i nclude a100km region paralel to the peninsular and insular littoral.
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The Tedhnicd Department of Maritime Signals of State Institution “ Puertos del Estado’ has planned a
radioeledric coverage to establish the National DGPS seleding 17 daces of existent or proposed
radio bea®ns in the a¢ua Maritime Signal Plan.

The National Geographic Institute, by its Geodetic Department has collaborated in predsion
coordinate provision to dfferent DGPS stations installed by “Puertos del Estado’. Thus, in 1999,
processng were made in two o them: Estacade Bares and Finisterre, in Cantébrico, and in 2002,six
more paints (Cabo San Sebastian, Salou, Castell 6n, LIobregat, Cala Figuera and Mahoén), andin nath
Mediterranean.

Each o the radio beaons consists of 4 GPS antennas (two of doule frequency and two o one
frequency). Single frquency antennas are integrity monitors (IM1 and IM2), while the main ores, the
doule frequency are reference stations (RS1 and RS2). Thisfour antenna’s groupis comprised in less
than 3 meters between them.

To give mordinates to these stations, GPS permanent stations from National Geographic Institute in
La Corufia (ACOR), Mdlorca (MALL) and from ICC, EBRE, al of them belonging to EUREF
permanent station retwork and ITRF97 coordinates. Processng with Bernese 4.2 software was dore
(Astronamicd Institute University of Berne), using predse ephemerides from International GPS
Service (IGS) and ITRF97 EUREF station coordinates at the observation epoch. Fianl results were
tranferred to ETRS89 from ITRF97 (Boucher-Altamimi eguations).

Themain processfedures are:

- Pre-processng: phase by using triple diff erences in baseline mode. Most of casesthe gy/cle dips
are simultaneoudly fixed by different linea combinations of L1 and L2. If a ¢ycle dip are nat
fixed, the bad data ae removed and rew ambiguiti es are fixed.

- Basic observable: Of course, phase carier. Code is only used to syncronize recaver clocks.

- Elevationmask : 10 degrees.

- Datainterval to fix ambiguities: 60s.

- Datainterval of final processng: 180s.

- Modeled olservable: doulle diff erencies and ioncspheric free @mbination.

- Phase aitenna ceaitre cdibrations. corredions to phase ceiter dependent of elevation for
diff erent types of antennas, acwrding to |GS cdibrations.

- Troposphere: Saastamoinen a priori model.

- lonosphere: not modelled in final solution, ionasphere removed bye forming free ionasphere
combination with L1-L2.

- Orbitsand ERP's (Earth Rotation Parameters): ERP's and final predse orbits from IGS.

- Ambiguities: QIF strategy (Quasy lonasphere Freé to fix ambiguities for every basdline. These
fixed ambiguiti es are introduced into final solution.

- Satellite docks. drifts are not estimated, bu removed forming double differences. Recever’'s
clocks: drifts estimated during post-processng using code measurements.

Once determined RS1 antenna cordinates, a seand Trimble GPSurvey 2.35 pe-processng was dore,
in arder to cdculate eab IM1]IM2 and RS2 radio bea®n coordinates. Data used for this ssoond
processng have been 2 houis with a datainterval of 1s., enough for such a baseline length (lower than 3
m.) in ead radio beaon, introdwcing 1GS predse ghemerides. Choasing any day for every group d
antennas, data from 1:00 to 300 UTC have been processed, so that tropospheric and ionacspheric
perturbation islowest at night.

1. GRAVIMETRY
1.1. Absolute
Since the first absolute measurements of gravity in Spain (J. Barraquer 1877 and 1882 no absolute

measurements have been performed till 1989,when Finish Geodetic Institute (FGI) measured in Valle
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de los Caidos and University of Madrid with JILAG 5. During the last decale of twentieth century,
BKG of Germany also performed absolute measurements in Alicante, Granada, Ceuta, Tarifa, and San
Fernandowith FG5#101.

In 2000the National Geographic Institute of Spain (IGNE) has purchased a new freefall absolute
gravity deviceby Micro-G Solutions named FG5#211in order to olserve azero order gravity network
in peninsular Spain and at least one paint in every island (Baleaic Ilands and Canary Islands). Also
ancther A-10 absolute gravity meter (10 microgal acairacy) for the first network observation has been
purchased in 2001. These networks will serve for geodetic (suppating the new High Predsion
Levelli ng Network) and geodynamic purposes.

In 2001 mne stations have been olserved by FG5#211 & IGNE: The first station was observed in the
library of the National Astronamic Observatory of Madrid, three points at the BIPM during
ICAG2001 absolute gravimeter comparison, the Laboratory of gravimetry in the IGN fadliti es, two
points in the CEM (Spanish Center of Metrology in Tres Cantos, Madrid), Geophysicd Center of
Sonseca(Toledo) and Geophysicd Observatory of San Pablo delos Montes (Toledo).

During 2002 absolute stations in Geophysicd Observatory of Santiago de Compostela, Geophysicd
Observatory of Logrofio, Geophysicd Observatory of Maaga, Geophysicd Observatory of San Pablo
de los Montes (Toledo), EI Mirade (Lleida), Astronamicd Observatory of Fabra (Barcdona), Ebro
Observatory (Tarragona), El Puig Monastery (Vaencia), and Valle de los Caidos (Madrid, IAGBN
station) have been olserved by FG5#211 ¢ IGNE.

11. Relativeand UEGN2002

Links between absol ute stations and many other densification ores for the REDNAP projed have been
made. IGNE contributed to the European Unified Gravity Network (UEGN2002) sending data from all
absolute values known in Spain, as well asrelative raw observations.

1. Development of the ED50-ETRS89 datum transition

Introduction

As results of the recantly finished REGENTE (National Geodetic Network using Spatial Techniques)
have provided us adouble set of ETRS89-ED50 coordinates used to prepare arange of transformation
techniques. The dchalenge is to absorb the heterogeneous behaviour of ED50 as a consequence of
observational methods evolution, the different caculation for the network, etc. Our purpose is to
obtain a single transformation as smple and efficient as possble. In addition, it will be desirable to
develop the capability of absorbing locd datum changesin shape and form.

Three main techniques have been evaluated: “7 conforma transformation’, “red and complex
paynomials’ and “minimum curvature surfacedistortion modelling”. In all those were be used the
dataof 911 REGENTE paints.

6.1. The Methods:

7 parameter conformal transformation

Using the aommon formulaeto this method, three sets of parameters have been oltained in order to
ke residuds under 2m. The Iberian Peninsula is divided in two zones. northwest
(41°30 N<p<4P50N y 9P25WA<4°30'W) and rest . A third set has been computed for Baleaic
Islands. The 99% of residuals of the ajust were lessthan 0.99n in the first one, an lessthan 1.5min
the seoond ane.

Polynomial transformation

Polynomial regresson has been used in the past trying to absorb the heterogeneous behaviour of
classcd networks. The chosen method for Iberian Peninsula has been “progressve dimination’,
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becaise is excdlent to avoid exclusion d significant variables. The results of this method give us a
powerful toodl to achieve catography transformation at mid scaes such as National Topographic Map
1:25.000 poduwced in this institution. The 99% of residuals of the adjust were lessthan 0.93n when
red polynomials were used, and lessthan 0.60m if complex pdynomial is used.

Distortion modelli ng
There ae several methods used in some curtriesto model such dstortion: Least Squares Coll ocation,

Minimum Curvature Surfaces, Multiple Regresson, Locd Affine Transformation on Delaunay
triangulation (Rubber Sheding), etc. Australia and Canada have gplied Collocaion and North
AmericaMinimum Curvature Surfaces (MCS).

Detail s abou cdculation d distortionfieldsiswidely explain in geodetic literature. We have built two
grids covering mainland Spain with 108’ of interval and 100 for Baleaeic Islands. The format chose
is NTV2 (National Transformation Version 2), used in Canada and Australia. Such format has the
advantage of being used by alarge number of software goplicétions.

Test of the obtained grids
In order to test the several methods (Least Squares Collocaion, Rubber Sheding and Minimum

Curvature Surfaces) we have aeded 3 grids, ore for eaty method. The grid was generated using
REGENTE monuments (30 Km average distance). For testing the grid a recdculation d the third
order network (1400monuments) was used. The results shows acarades between 1418 cm (95%)

Statistics E test N TesT
# points 1400 1400
Average 0.00 -0.01
Std Dev 0.07 0.05

Max 0.24 0.19
Min -0.25 -0.25
Range 0.49 0.43
95% 0.13 0.11
9% 0.16 0.13
Table 1.paints below 25cm. Least Squares Coll ocation
Estadisticas E test N tesT
# puntos 1395 1395
Media 0.00 -0.00
Std Dev 0.05 0.05
Max 0.23 0.22
Min -0.24 -0.24
Rangc 0.48 0.46
95% 0.10 0.09
9% 0.13 0.12
Table 2. pants below 25cm. Rubber-Sheding
EStadiStlcaS E TEST N TEST
# puntos 1400 1400
Media 0.01 0.02
Std Dev 0.05 0.05
M ax 0.24 0.22
Min -0.24 -0.24
Rangc 0.48 0.46
95% 0.10 0.10
9% 0.13 0.12

Table 3. pants below 25cm. Minimum Curvature Surface
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6.2. Conclusions

There is no smple way of making datum transformation wsing standard conformal procedures snce
the existenceof distortion comporent is difficult to absorb. Modelli ng the distortion is the best way to
perform the datum change.

However, depending on the spedalisation level of the user of this transformation a more spedfic
produwct need to be prepared. An exeautable software, web page with Java/Asp comporents,
OCX/DLL tods for developers and grid files in NTV2 format will be built. The NTV2 format was
developed by the Geodetic Survey Division, Geomatics Canada and it has been implemented in many
software padages. The gridding using minimum curvature technique is easy to achieve and gives us
the optimal performance in the transformation. The NTV2 format also provides multi ple subgrids of
different intervals and let us obtain successve grids as the network is being readjusted in ETRS89.

1. RECORD (Radio Broadcasting of GPS Differential Corrections)

The RECORD projed intends to broadcast GPS differential corredions through RDS non-audible
sub-carrier (Radio Data System) of Radio Nadonal de Espafia (RNE) broadcasting stations.

The mde differential GPScorredion, oliained from pseudodstance observable smoathed with phase,
is available in RTCM SC104 format. Further on, it is analysed and compressed in RASANT 2.6
format (Radio Aided Satellite Navigation Technique). It isin this format in which it is ®nt to RNE,
who send it incorporated to the FM signal broadcasted. A FM/RDS/RASANT recever decompresses
and providesthe original RTCM SCO04 corredions, which are integrable in most GPSreceavers.

Since middle of 1997, the IGNE in cooperation with RNE has made several tests to kroadcast
differential GPScorredions, as requested by quite alot of users, to manage fleds, to control speaa
pubic services (burning forests, ambulances, pulic transport, traffic, and so on). To do that, the
IGNE uses oftware licenced by LVA of NordRhein-Westfallen, under agreement of exclusive use by
IGNE and RNE as freeofficial pulic service

The main oljedive of setting up DGPSRASANT system ( named RECORD ) is establishing and
implementing a pulic serviceto terrestrial positioning avail able to Spanish community of GPSusers
with usual criteriaof predsion, integrity and avail ability in thiskind d systems.

The given service by DGPSRASANT system will be based upon boadcasting RTCM diff erential
corredionsin RASANT format through sub-carrier not audible RDS of RNE broadcasting stations.

The atainment of the objedive establishes on a basis of formalization d technicad cooperation
agreement between IGNE and RNE subscribed to that motive, thus differential corredions will be
broadcasted by FM broadcasting stations of the "Red Témicade Difusion” of RNE. This corredions
will be delivered following international accepted formats (RTCM and UIT's Recommendation .
823, compressd in RASANT format, with freeaccessto all users who heve aFM/RDS/RASANT
recever.

Predsion given by this s/stem will be better than 5m 2dRM S (95% of probabilit y). In more restrictive
condtions concerning to distance to corredion generating point and deta avail abilit y, the system will
readied abou 1 m predsions.

The DGPSRASANT system consists of stations DGPSRASANT and a Cortrol Centre. The DGPS
stations that will work in redundant mode by doule referencerecever will have the tasks:

RTCM differentia corredion generation, evaluation and compressonto RASANT format.

Data deliver to RDS net server of RNE through phore line point to pdnt, opticd fibre link or
equivalent.
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Working Integrate Monitoring in ead station DGPSby demding RASANT format to RTCM by a
FM/RDS/RASANT recaver.
Observable store setting up a GPSDatabase.

Onits own, the control centre placed in the IGNE fadliti esin Madrid, will have the foll owing tasks:
- Toaswreintercommunication with DGPSstations.
To monitor and control DGPS parameter, asauring system homogeneity.
To integrate metric predsion controlsin future periphericd stations.
To download daly, or by request, of GPS information towards the Spanish National GPS
Reference Station Network.

The fad of being in the peninsular periphery inside aradius of 500km and pgsitions obtained duing
the period 199798 guarantees that the first part of the network set up will be ded with ore cntrol
centre and two reference stations, ore in Madrid (IGNE) and the other in Sta. Cruz de Tenerife
(Geophysicd Centre of Canary Islands of the IGNE).

Integrity monitoring tests are being made during 19992000. For this reason a triple GPS equipment

(2RS+IM) has been set up in IGNE fadliti es, asuring corredion” s reliability, continuity and integrity
for Canary Islands and Peninsula. A forth GPS equipment in Prado del Rey faality to reinforce the

array is also working.

The eguipments have been set upin Tenerife similar to that in Madrid station and conreded to IGNE
Control Center in Madrid through RDSI (TCP/IP).

During 1999a GPSrecaver in broadcasting station o Palma de Mall orca has been install ed to get an
independent solution for the Baleaic Islands region apart from that of the peninsula. This lutionis
avail able for RNE2 broadcasting stations (Radio Clésica) of Alfabia and Pollensa.

A remote monitoring serviceis being installed from Prado del Rey by RNE, in which data and audio
broadcesting are verified. IGNE has equiped dfferent regional departments with
FM/RDSRASANT+GPS receaversto get aredundant monitorization.

Digital Audio Broadcasting (DAB) tests have been | caried ou for the transmisson d red time
differential phase wrredions with excdlent results. As long as the techndogy will be utili sed
massvely this gage of the projed is gill nat operational (RECORD-2)

Digital radio alows a more dfedive use of the spedrum holding seven programs in ore frequency.
The PAD (Programme Associated Data) associates datato ead program but is gacelimited for our
purposes. The data channel no associated to audio (NPAD) can hdd more bandwidth. In this channel
iswhere the tests have been dore.

Such tests were dore & RNE healquarters, broadcasting the RTCM phase and code differentia
corredions, that istype 1, 2, 3, 18and 19. The data was receved at a Grundg Dab200conreded to a
laptop computer that output the rredions into atest GPS Several GPSreceavers were test: single
frequency, doube frequency with and withou "on the fly" ambiguity resolution ogion adivated. Both
GPS generator and receptor, used in this test shared the same antenna, and the delay observed was
abou 2 - 4 secondks.

The last part of the projed consists on transmitting RTCM over internet (RECORD-3). The BKG has
developed dl the software (client and server side) for this purposes. The first GPS station included in
EUREF-IP is Madrid. This dation is located at |E09 monument (ETRS89 classB network) and consist
on tree GPS Integrity monitor+doule reference station. Nowadays Madrid station is broadcasting
RTCM messages (1,2,3,16,1&nd 19 which allows RTK positioning in all Madrid metropditan area
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In the future some stations of ERGPSwill be included in the projea athough it depends on ERGPS
manager objedives. Even if it is not possble GP.1 mapping reference stations (Cérdoba, Corufia
and Burgos) will beincluded as ©sonas possble.

7 NEW SPANISH HIGH PRECISION LEVELL ING NETWORK. REDNAP PROJECT

Between 1997 and 2000, National Geographic Institute of Spain established the High Predsion
Levelling Network in the Canary Idands. Besides, duing 1999 and 2000 replacanents and
reobservations of High Predsion Levelling Network in the Pyrenees ganish zone (INTERREG-2
Projed) with an important network length increase in that region, from around 100Go 1500Kkil ometers
of linea development.

Both tasks, Canary and Pyrenees levelling served as sample for REDNAP Rojed (High Predsion
Spanish Levelling Network) which begun to be implementes in 2001and will end hogefully in 2007,
covering the rest of spanish peninsular territory an Baleaic Idands. This network is linked to the North
Pyrenaic Network, tasks being developed towards South and West with a 2400and 2500yea rate. All

together, in 2008Spain will have anew network which will cover al peninsular and insular territory
with an amourt of 17500kil ometers NAP lines

SUMMARY of REDNAP

0 ZONE | MONUMENT | OBSERVATION | NUMBER OF 1 KM
DATE DATE LINES
CANARIES 1997 19972000 15 1000
PYRENEES 1999 19972000 29 1411
1 2001 38 2440
2 2002 29 2404
3 2003 2004 29 2400
(in exeaution) (programmed)

The rest till 17500km is programmed between 2004 and 2007
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5.- ROYAL INSTITUTE AND OBSERVATORY OF THE NAVY. (SAN
FERNANDO)

REAL INSTITUTO Y OBSERVATORIO DE LA ARMADA (ROA).
Cedlio Pujazon g/n
11100 San Fernando (Cadiz). SPAIN.
Phone: +34-956-599285.
Fax: +34-956-599366.
E_mail: geofisica@roa.es

The “Red Instituto y Observatorio de la Armada en San Fernandd’ (ROA), is a Navy Institution
working on geodesy sinceits foundation onthe mid XV Il century. Nowadays, the work onthis areais
mainly concentrated in Satellites Laser Ranging (SLR) and Global Positioning System (GPS
applications.

1. SatellitesLaser Ranging (SLR).

Installed on the top d the main bulding, under a dome, ROA has a SLR dation successvely
improved since 1968.During the period 19992002,the station has been upgraded in the foll owing items:

* Implementation d a Compensated Single Photon Avalanche Diode C-SPAD as detedor for
nightime trading.

* New reception system able to use aC-SPAD as well as a phaomultiplier as a detedor.

* Developing of anew azimuth motor control system to improve the pointing on the satellit es.

* General adjust of the laser bench and associated eledronic equipment.

* Replacament of the cdibration system for anew internal, avoiding refradion effeds during
cdibrations.

* Implementation o the adive-passve laser mode, with 50 pcosecs and 40mjoules.

* Substitution d the dl eledricd power lines by new ones, improving the ratio signal-noise.

 Redesign and implement new eledronic drcuit boards.

* Main and secondary mirrors periodicd repairs.

The @ove mentioned modificaions have been partially funded by the following reseach
projeds:

e “Automatic Geophysicd Station” (MN-8302, Spanish Defence Ministry Reseach
Programs.

* “An opgimization d the predsion for the laser observations on artificial satellites”
(ESPO7-1816C04-01), from the National Program for Space Reseach, Comision
Interministerial de Cienciay Teaadogia (CICYT), 1+D Spanish National Plan.

*  “Daylight tracking on artificial satellites by laser telemetry” (ESP2001:4514PE), from
the National Program for SpaceReseach, ‘Ministerio de Cienciay Temadogia of Spain.

A brief tradking statistics for the 19992002 priod are:

* 1999
SATELITE N.ECOS N.PASOS
AJISAI 318262 336
STELLA 91393 270
ERS-1 78277 206
ERS-2 68155 194
LAGEOS-1 99607 231
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2000:

2001:

2002:

LAGEOS-2 99648 167
GFO-1 38984 127
STARLETTE 146418 256
WESTPAC 1736 a4
TOPEX 219356 258
SUNSAT 17221 78
BEC 72484 135
GEOS 1044 1
TOTALES 1252585 2303
SATELITE N.ECOS N.PASOS
AJISAI 788942 558
STELLA 189438 357
ERS-2 119889 281
LAGEOS-1 203553 218
LAGEQOS-2 214530 214
GFO-1 84964 187
STARLETTE 277746 426
WESTPAC 3543 31
TOPEX 586429 434
SUNSAT 12953 76
BEC 452368 488
CHAMP 15144 58
TOTALES: 2949499 3328
SATELITE N.ECOS N.PASOS
AJISAI 359086 317
STELLA 63068 156
ERS-2 37877 107
LAGEOS-1 72072 118
LAGEOS-2 74525 105
GFO-1 30906 70
STARLETTE 123794 239
WESTPAC 260 12
TOPEX 264360 246
BEC 159573 231
CHAMP 13863 56
TOTALES: 1199384 1657
SATELITE N.ECOS N.PASOS
LAGEOS1 97373 249
LAGEOS 2 74263 174
AJISAI 324485 434
STARLETTE 70906 264
TOPEX 193292 287
STELLA 54258 192
ERS2 64885 258
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CHAMP 6437 36
JASON 75844 173
GFO 46610 151
BEC 151851 324
REFLECTOR 15281 137
GRACEA 6107 25
GRACE B 5717 39
METEOR 3 1029 29
TOTALES: 1188338 2772

2. GPS geodetic activity.

The ROA GPS geodetic adivity came from the midde 80's. During that period ROA has
participated in several field campaings, among which highlihgts the Spanish Antartic reseach
campaings (1987, 88,and so on). It's worth to be mentioned the GPS geodynamic net deployed by
ROA in 1994 monumenting several sites outh Spain-north Africa and having afirst observationfield
campaing during that yea. This network has been mainly stablished in arder to study the geodynamic
evolution d the Ibero-Maghrebian region, that is south Spain, Gulf of Cadiz, Alboran sea ad nath
Morocco, region crossed by the Eurasia-Africaplate boundiry. During 1994a Cadiz Bay GPSnet was
also stablished to study mean sealevel variations and cceanographic drculationsin that bay.

During the period 19992002,the main GPSgeodketic adivities caried ou by ROA have been:

GPSfield campaings:

* Collaboration with the University of Porto (Portugal) in October 1999 episodic GPS
TANGO-99 campaign, carrying out observations at Monte Hadho,in Ceuta, at Tarifa, and
at San Fernandofor a 72 hous coverage period.

* Collaboration with the University of Porto (Portugal) in October 2000 episodic GPS
TANGO-00 campaign, carrying out observations at Monte Hadho, in Ceuta and at San
Fernandofor a72 hous coverage period.

* Collaboration with the University of Porto (Portugal) in October 2001 episodic GPS
TANGO-01 campaign, carrying out observations and at the Geographic National Institute
of Spain geodetic Monument VS8 located at Monte Hadho,in Ceuta, and at San Fernando
for a72 hous coverage period.

* “Cuateneo-2002 GPSepisodic canpaing. Organized by the San Fernando Observatory and
the University of Barceona, covering the Cuateneo GPSNetwork at Murcia and Almeria
provinces, end d September, beginning of October 2002. We had the allaboration o
University of Cadiz students.

GPS per manent network:

A new GPS permanent station was included in the San Fernando Observatory GPS permanent
network. It is located at the * Observatorio de la Cartuja, in Granada, Spain. It is controlled from San
Fernandovialnternet, since March 2001.The ejuipment deployed at that stationsis:

 TRIMBLE 4700recaver.
« TRIMBLE Geodeticd antenna.
*  Computer.
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* UPS+ eledricd line protedion.
* Internet access

GPS at the Spanish Antartic Base:

Also, a GPSpermanent station was deployed at the Spanish Antartic Base Juan Carlos |, located at
Livingstone Island in the Southern Shetland Islands. It is controlled by the Base team during the base
adivity period: November-March, colleding the data & the loca computers, The data ae sent to San
Fernando,when the team is coming badk to Spain. The egquipment deployed at the stationsiis:

* TRIMBLE 4000Sd recever.

* TRIMBLE Geodeticd antenna.
*  Computer.

* UPS+ eledricd line protedion.

All the GPSdata wming bath the field campaings and permanent stations, are processed by
using the GIPSY-OASIS Il software (Jet PropusionLab.).

The dove mentioned GPSadiviti es have been funded by the foll owing reseach projeds:

 “Automatic Geophysicd Station” (MN-8302, Spanish Defence Ministry Reseach
programs.

* “Focd medanism, crustal deformations, seismotedonics and seismic risk in southern
Spain” (AMB97-0975C02-02), from the Nationa Program for Environment Reseach,
Comision Interministerial de Cienciay Temadogia (CICYT), I+D Spanish National Plan.

e “GPS Rrmanent Station at the Spanish Antartic Base Juan Carlos I’ (ANT98-1805E),
from the National Programn for Environment Reseach, Comision Interministerial de
Cienciay Temoaogia (CICYT), I+D Spanish National Plan.

«  “Meteorologicd Applicaions of Global Positioning System Integrated Column water
vapor measurements in the western Mediterranean (PL972065. European Comisson
DGXII/D Fourth Framework Programme. Theme 3, Area3.3.1.

* “An opgimization d the predsion for the laser observations on artificial satellit es”
(ESP7-1816C04-01), from the Nationa Programn for Space Reseach, Comision
Interministerial de Cienciay Teaadogia (CICYT), 1+D Spanish National Plan.

e “GPS campaign at the Cuateneo Network (Almeria — Murcia)” (REM20003014
E/RIES), from the ‘Ministerio de Cienciay Temadogia of Spain.

*  “Earthquekes and Crustal Deformation at Southern Spain: Seiemic Hazard Applicaions’
(REM20000777C02-02), from the National Program for SpaceReseach, ‘Ministerio de
Cienciay Temoalogia of Spain.

3. Publications:

Martin Davila, J., Gérate, J., Berrocoso, M., Elosegui, P., Bennet, R.A., Davis, J.L (1999:
Kinematics of the Ibero-Magrebian plate boundary zone. European Geophysica Society XXV
General Assmbly, procealings. The Hague. Netherlands.

VigoAguiar, |., Ferrandiz, JM., Belza, C., Géarate, J.,Martin Davila, J.,Quijano, M., Rowlands,
D. (1999: Improvements in the Instrumentation Performance and Positioning of the SLR
tradking station at San Fernando, Spain. IUGG General Assmbly, procealings. Birmingham.
United Kingdom.

Elésegui, P., Ben Sari, D., Martin Davila, J., Gérate, J., Mendes, V., Ouazar, D., Pagaete, J.,
Reilinger, R., Rius, A., Talaya, J.,Bennet, R., Davies, JL. (1999: The AMIGO projed:
Present Day Crustal Deformation d the Western Sedion d the Africa-Eurasia Plate Boundary
Zone. IUGG General Assembly, proceedings. Birmingham. United Kingdom.
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Buforn, E., Perez, P., Prian, J., Quijano, J., Pefia, JA., Gallego, J.,Mufioz-Delgado, G.,
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VBB) and geodetic (GPS nets deployed South Spain - North Africaregion Workshop onthe
Geodynamics of the western part of Eurasia-Africa plate bourdary (Azores-Tunisia). Boletin
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Reilinger, R., Rius, A., Talaya, J., Bennett, R., Davies, J.L.,. (2000): AMIGO projed: An
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6.- VALENCIAN CARTOGRAPHIC INSTITUT. VALENCIA

Edificio Institutos 2, UPV
Avda. de los Naranjos s/n
46022 VALENCIA (SPAIN)

Tel.: (34) 96 387 77 10

Fax.: (34) 96 387 97 98

Geodetic projects (R. Capilla)

Geodetic, topographic applications, cartographic production and civil engineering projects need a
robust infrastructure for their realisation. The Cartographic Institute of Valencia (ICV) has devel oped
several worksin thisfield to fulfil geodetic positioning requirements in the Comunidad Vaenciana:

As we know, ETRS89 Datum is accepted as the standard European System of many geodetic and
cartographic works. One of the main tasks is the solution for Datum transformation to determine local
parameters that fit better the Comunidad Valenciana and the connection of the Fourth Order Geodetic
Network with other European Networks like Iberia95 and REGENTE in the Iberian Peninsula. In
future, this project will conclude with the adoption of ETRS89 as the Mapping System for the
Comunidad Vaenciana.

Another point to consider is the maintenance of the Fourth Order Geodetic Network in this area
(1521 points). The cooperation between the Institute and de City Councils of the Comunidad
Valenciana is decisive in this work. The City Councils inform about the integrity of the geodetic
network.

Finaly, it is necessary to emphasize the development and update of geodetic tools, that are carried
out. For example, geodetic software, coordinates transformation utilities, tools and interface for
visualization and diffusion of the geodetic information for the final user.



/. POLITECHNICAL UNIVERSITY OF VALENCIA.

DEPARTMENT OF CARTOGRAPHIC ENGINEERING, GEODESY AND PHOTOGRAMMETRY.

1 GEODESY (Berne, Anquela)

1.1 HIGH-PRECISION LOCAL AND URBAN NETWORKS

The development of this projed isfocus ontwo networks, orein Sagunto (Valencia) and the other one
in San Miguel de los Reyes monastery. Climatologica condtions are taken into acwurt in the
observations. Littl e displacanents have been ariginated in the points of the networksin order to chedk
the compensation and oulier detedions models, apply deformation theory under development and
improve predsion and reli ability based on rew error figures theory.

1.2 LOCAL TERRESTRIAL CRUST MOVEMENTS

Two dfferent hill displacements have been studied: Gestalgar and Puebla de Arenaso. The movements
in Puebla del Arenoso have been studied with GPS observations. The movements in Gestalgar have
been studied with classcd observations.

2 GPS(Berne, Quintanill a)

2.1 RASANT

A GPS differentia corredion station have been developed and locaed in the building of the
Department of Cartographicd Engineaing, Geodesy and Phaotogrammetry (Polytechnicd University
of Vaencia), which isavery useful tod for topographicd and geodetic goplicaions.

2.2 SOCRATES FROJECT: REAL TIME PURSUIT AND LOCATION OF VEHICLE FLEETS

GPS MSM-SMS and Rfid Icode have been used simultaneously, the gplicaion is sippated on
digital cartography that can be mnsulted through Internet. Rfid (Radio Frequency Identification) is a
label system that use dedronic dements (TAG's) fixed over the objeds to identify. This projed isa
very useful tod for transportation companies.

2.3 GPSAND REFERENCE FRAMES (Berne, Capill @)

A new adjustment of the fourth order geodetic network of the Valencian Community is under
development in coll aboration with Cartographicd Institute of Valencia (ICV). This network in related
to REGENTE referenceframe (ITRF).

3 GRAVIMETRY (Martin, Garcia)

3.1EARTH-TIDE PARAMETERS OBSERVATION AND DETERMINATION IN VALENCIA

Gravity Earth-Tide observationsin Vaencia have been analyzed in order to oltain acairate anplitude
and plese-difference for the principal tidal waves. The observations have been caried ou with the
Lamste& Romberg gavimeter D-203 equipped with eledrostatic feed-badk system. The data have
been dgitaly recmrded since February 2001 with 60 seconds of sampling interval covering a total
number of 302 days (434.600 obkervations). The recorded data have been edited and rocessed with
ETERNA 3.32 Earth-Tide data processng padkage using the Hartmann and Wenzel tidal potentia
caalogue.
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Finally new tidal parameters for Q1, O1, M1, K1, J1, OO1, 2N2, N2, M2, L2, S2 and M3M6 wave
groups are ommputed for Vaenciawitch could be of grea interest for gravity and geodetic reductions.
(Moreinfo http://www.upv.es/unigeo/).

3.2GRAVITY NETWORK OF VALENCIA PROVINCE

A new gravity network has been established in Vaencia Province to med the increased
requirements of Geophysics, Geology, Geodynamics and Geodesy. The net comprises 21
stations. It has been measured with high predsion wing 2 Lamste& Romberg gravimeters
between 1999 and 2000, sing 1 IGSN71-Station and abou 190 relative gravity meter
observations. Corredions are gplied for Earth-Tides, pdar motion, \erticd gradient and air
pressure. spedal investigations have been focus on the least-square adjustment with new
observations equations. The final adjustment showed a mean standard deviation o 0.018mGal.
(Moreinfo http://www.upv.es/unigeo/).

4 LOCAL HIGH-PRECISION GEOID MODEL FOR VALENCIA REGION (Berné Martin)

High-resolution and high-predsion geoid has been computing for Vaencia Region, ranging from 37°
N to 42° N in latitude and 2 W to 1° E in longitude. The EGM96, complete to degree and ader 360,
and the GPM98cr, complete to degree and ader 720, tave been testing, combined with more than
3000land and marine gravity data and 25n X 25m DTM to generate geoid model. The remove-restore
technique was adopted. Second-Helmert condensation reduction has been using for the computation o
terrain effects. The wntribution d the locd gravity data to geoid has been evaluating by least-square
prediction and numericd solution o Stokes integral with panar Kernel. The indirea effed of up to
seoond ader has been considering. Finally 12 GPSlevelli ng-derived geoidal heights will be used for
locd fitting of the geoid witch is essential for agood uili zation d GPSfor height determination.
(Moreinfo http://www.upv.es/unigeo/).
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