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POSITIONING ON THE DYNAMIC EARTH 
 

POZICIONIRANJE NA DINAMIČNOJ ZEMLJI  
 

Yüksel Altiner 
 

ABSTRACT 
 
Increasing mobility of people and goods, as 
well as the rapid growth of users of mobile 
devices with positioning services expands 
constantly the need for geospatial information. 
Today, the challenge for suppliers and users or 
sellers and buyers is how to use this 
information to identify and accelerate 
profitable measures in public and private 
affairs like security, environment, resource, 
disaster and transportation or risk assessment 
for industry and insurers. In this context, 
georeferencing of geoinformation is the key 
instrument to visualise the location of events of 
interest.  
This paper deals with the background of 
spatial reference for precise positioning on the 
dynamic Earth and focuses on the ETRS89 
regarding applications in real-estate cadaster 
and similar services provided by the official 
authorities. 
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 SAŽETAK 
 
Povećanje mobilnosti ljudi i roba, kao i brz 
rast korisnika mobilnih uređaja sa uslugama 
pozicioniranja, stalno povećava potrebu za 
geoprostornim informacijama. Danas je izazov 
za dobavljače i korisnike ili prodavce i kupce 
kako koristiti ove informacije kako bi 
identifikovali i ubrzali profitabilne mjere u 
javnim i privatnim poslovima kao što su 
sigurnost, okolina, resursi, katastrofe i 
transport ili procjena rizika za industriju i 
osiguranje. U ovom kontekstu, 
georeferenciranje geoinformacije je ključni 
instrument za vizualizaciju lokacije događaja 
od interesa. 
Ovaj rad se bavi pozadinom prostorne 
reference za precizno pozicioniranje na 
dinamičnoj Zemlji i fokusira se na ETRS89 u 
vezi sa aplikacijama u katastru nekretnina i 
sličnim uslugama koje pružaju zvanične vlasti. 
 
 

Ključne riječi: dinamička Zemlja, prosorna 
referenca, ETRS89 

 
 
1 INTRODUCTION 
 
The number of dimension (manifold) of the position of an object on the Earth's surface reflects 
human’s geometrically perception of the world. Geometry that we use to illustrate the universe, 
or the world, is available in three variants which primarily differ in the kind of handling Euclid's 
“parallel postulate” (Greenberg, 1993). In Euclidean geometry, there is exactly one parallel to a 
line l through a point P that is located outside of this line. In hyperbolic geometry from 
Lobachevsky, there is more than one parallel through the point P to line l (Cannon et al., 1997). 
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And, in elliptic geometry, which is also known as Riemannian space, there is no parallel. The 
space-time geometry of Minkowski, which is used in Einstein’s special relativity theory, 
includes the time in addition to spatial coordinates (Minkowski, 1910; Greenberg, 1993; 
Mohayan, 2013).  
 
The world is actually a physically curved surface. For definition of position on a physically 
curved surface we embed, at least in satellite geodesy, the Riemannian space into the Euclidean 
space. According to the law of embedding, a -dimensional Riemannian space can be locally 
embedded (the embedding of infinitesimal arcs) into a -dimensional Euclidean space, if the 
requirement 
  12  

 
is satisfied (Klingbeil, 1993). Following the formula given above, for embedding the 2-
dimensional Riemannian space (eg., as geodetic Latitude and longitude) the Euclidean space 
must have a minimum dimension of 3 (e.g., as Cartesian coordinates X, Y, and Z). In general, in 
the field of satellite geodesy, the position of the points is represented by the embedding of two-
dimensional manifolds of Riemannian space into the three-dimensional Euclidean space.  
The era of satellite geodesy began with the reception of the signal of the Russian satellite 
Sputnik on the surface of the Earth on 4 October 1957. This was the first artificial satellite ever 
to move in space around the Earth. Today, there are several satellite-constellations which 
provide services for positioning and timing (Figure 1). In general, the definition of the Global 
Navigation Satellite System (GNSS) includes any constellation of artificial satellites covering a 
global or regional area to provide a service for location, navigation and timing. Each of the 
satellite constellations such as GPS (Global Positioning System) constitutes a single GNSS 
(Global Navigation Satellite System), while two or more individual GNSS together form a 
multi-GNSS (https://www.gps.gov/). 
 

 
 

Figure 1. The figure shows the important stages of the multi satellite constellations (American Doppler 
and GPS, Russian GLONASS, European Galileo, and Chinese BeiDou) for positioning and timing from 
1958 to 2020. 
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3 SPATIAL REFERENCE 
 
To delineate the location of the point fields and their temporal variations on the dynamic Earth 
we need a dynamic reference system. A reference system defines a coordinate system in a 
theoretical form, whereas a reference frame is the realisation of this system on the basis of a set 
of coordinates of points. The global terrestrial reference system (ITRS) is a dynamic system. It 
defines not only the coordinates of the stations at a certain epoch, but also their temporal 
variations, namely their velocities (Koenig 2018). The International Terrestrial Reference 
Frame (ITRF) is the realisation of an ITRS based on a set of coordinates of certain physical 
stations (Geodetic Network). The benefit of a global dynamic reference frame lies mainly in the 
global and homogeneous coordinate accuracy. Thus, a comparison of the coordinates beyond 
the territorial or tectonic plate boundaries becomes possible. On the other hand, a dynamic 
reference frame, where the coordinates of stations changes over time due to plate tectonics and 
internal distortions of plates, complicates the applications in cadastral and land surveying 
(Figure 4). Those complications require the existence of a reference frame for practical usage, 
where the temporal variations of the point fields are modeled in this reference frame in advance. 
This is why the idea of establishing the ETRS89 (European Terrestrial Reference System 1989) 
evolved.  
 

 
 
Figure 4. The downside of global ITRF solutions is the change in station coordinates over time. 

 
In the 80's, accurate positioning through satellite measurements became increasingly popular 
due to precise accuracy and cost-effectiveness. At that time the ED50 (European Datum 1950) 
served as the unified European Triangulation Network (RETrig) in Europe which was in 
establishment since the 1950s (Adam et al., 2000; Torge, 2001). Later, the ED87 (European 
Datum 1987) was determined for Western European countries through readjustment of all first-
order triangulation nets including electromagnetic distance measurements, VLBI, satellite laser 
ranging, and Doppler observations (Poder and Hornik, 1989). The ED87 was more homogenous 
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than ED50, but not applied in surveying, while ED50 was introduced in several countries, and 
served as the NATO military system until the 1990s (Torge, 2001).  
 
At the end of the 80s, increasing mobility of people and goods has strongly raised the need for a 
uniform map based on a global or regional geodetic reference frame. CERCO (Comité 
Européen des Responsables de la Cartographie Officielle), established in 1980, was a forum of 
the National Mapping Agencies (NMA) of Europe for information exchange and product 
integration between its members. In 1991, the permanent technical group MEGRIN (Multi-
purpose European Ground Related Information Network) was initiated by CERCO for 
providing of metadata and creating harmonised digital datasets. On 1.1.2001, CERCO and 
MEGRIN fused into the new organization “EuroGeographics” (Muggenhuber, 2000; 
Moellering et al., 2005). 
 
Companies in a variety of fields are urging the authorities to provide such maps to meet the 
constantly expanding challenges of their business areas in logistic, transportation, aviation, etc., 
because ED50 and ED87 in terms of accuracy did not meet the necessary positioning 
requirements. As a consequence to the demands of the companies and authorities, the IAG 
(International Association for Geodesy) at its General Assembly in Vancouver in August 1987 
formed a new subcommission (EUREF) to continue the work of RETrig (Réseau Européen des 
Triangulations) and to establish a European reference frame using the methods of space 
techniques. One month later, CERCO at its Plenary Assembly in Athens formed the CERCO 
Working group VIII (WG VIII) and Hermann Seeger from IfAG (Institute for Applied 
Geodesy, Frankfurt am Main; now Federal Agency for Cartography and Geodesy) became the 
president of this working group (Adam et al., 1999).  
 
In 1988, a joint meeting of both groups (EUREF and CERCO) was held in Munich to discuss 
the requirements and to set up the steps necessary to realise the European Reference Frame 
(EUREF). A steering committee was established to prepare and execute the EUREF-GPS-
Campaign (Seeger et al., 1998; Adam et al., 1999). The EUREF Campaign in 1989 was the  
first large GPS campaign ever performed in Europe, at which the author has also participated as 
an observer with Dieter Sucker from the Geodetic Institute of the University of Bonn at the 
VLBI-station Medicina in Italy. The network of 93 stations has been observed in two phases (A 
and B) using 69 dual frequency receivers of different types (21 Texas Instrument TI 4100, 29 
Trimble 4000SLD (SXD), 15 Wild Magnavox WM-102, and 4 Minimac 2816). Each 
observation phase took 6 days with a daily window of 5 hours (Phase A (61 sites) from May 16 
to May 21, 1989 and Phase B (55 sites) from May 23 to May 28, 1989). 26 overlapping sites 
have been observed during both phases (Seeger et al., 1998). 
 
The first realisation of the ETRS89 was derived from the European sub-set of the SLR and 
VLBI sites of ITRS89 (Boucher and Altamimi 1991) because the tectonics of the Eurasian Plate 
is examined in relation to the ITRS. The ETRS89 coincides with the ITRS89 in the epoch 1989 
and is fixed on the solid part of the Eurasian plate (Boucher and Altamimi, 1991). The reference 
ellipsoid for the geographic ellipsoidal coordinates of ETRS89 is the GRS80 (Geodetic 
Reference System 1980). The geodetic reference sites of the EUREF-campaign in 1989 
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