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I. THESIS SUMMARY

T

he development of accurate GNSS (Global Navigation
Satellite System) navigation techniques in the recent years,
particularly GPS (Global Positioning System), has provided a
very important contribution in civil applications: intelligent
fleet management systems, social networking, tourist
information, traffic management, air traffic control, etc. That is
why RTK (Real Time Kinematic) positioning is widely used
throughout the world. This is due to the fact that choosing
between working at real-time and obtaining centimeter
accuracy is no longer necessary: using RTK positioning is
possible to combine both. In addition, RTK networks
materialize and transmit a reference frame to the users. For this
reason, in Andalusia, Spain, an active GNSS network has been
materialized, Red Andaluza de Posicionamiento (RAP) [4].
Accuracy studies, implementation of working methodologies
and the analysis of the goodness of the obtained results are
widely studied topics in Geodesy and Cartographic Sciences
[8]. Therefore it is necessary to perform, a rigorous analysis of
the two main aspects of these networks: real-time positioning

and reference frame. Since statistics techiniques are widely
used in artificial intelligence [7], robust methodologies are
employed in both analysis methods.
As done in an increasing number of studies, robust
methodologies were employed in order to analyze the quality
of the real-time positioning services, with particular respect to
outlier identification and accuracy assessment. Classical
statistical methods do not appear adequate because they are
mainly based on the hypothesis of normally distributed
samples on Least Squares adjustment results; besides, most
outlier detection tests are set up for univariate samples. Thus, a
method based on the robust computation of Mahalanobis
distances was developed, tested and applied to the RAP
Network. This method is able to detect outliers in multivariate
samples, as proved by its evaluation by comparing the results
obtained from randomly generated data with those stemming
from other classical methods.
Moreover, the proposed method is effective with
multivariate and small samples, without making assumptions
about its distribution, so it can be applied in other problems,
no necessary within the field of Geodesy [5].
The application of this method in the processing of RTK
positions, recorded in real time with a GNSS receiver assisted
by the RAP network, for positioning services is detailed shown
in the thesis. Besides, parameters like the coverage of the
service, the time to fix ambiguities, and the accuracy and
precision of the RTK positioning are also analyzed as
described in [6].
In order to analyze the reference frame of the RAP, let us
note that the reference frame of a GNSS active network is
disseminated to users. But the stations of these networks are
not static: due to geodynamic phenomena and local processes
change their positions. Thus, the correct realization of the
reference frame, as well as the study of the position changes in
its permanent stations, are crucial issues in the man-agement of
RTK networks.
In Spain, the official reference frame is a realization of the
European Terrestrial Reference System 1989 (ETRS89),
materialized by the REGENTE network. But Andalusia is
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located along the contact between the Eurasian and African
plates, so some RAP permanent station coordinates are not
expected to maintain consistency over time with ERTF89.
That is why the analysis of the reference frame becomes more
necessary.
First, the daily time series solutions must be computed.
Processing was performed with the Bernese 5.0 software [3]
using the precise ephemerides available from the International
GNSS Service (IGS) and absolute calibrated antenna offset
values provided by the U.S. National Geodetic Survey (NGS).
The reference frame study has been performed as described
in [1]: possible outliers are removed from the time series using
LTS (Least Trimmed Squared) method, and using a stochastic
model for a signal, the correlated signal can be separated from
the uncorrelated noise. Finally, the coordinates were computed
by least-squares.
In order to compare the calculated coordinates with the
official coordinates of the permanent stations, they must be
given in the same reference frame. If permanent station
velocities are provided, the transformation can be computed
following Boucher and Altamimi [2]. When these velocities
are not supplied, a 7-parameter transformation can be
computed using, for instance, EUREF permanent stations.
The obtained results show the evolution of the RAP
permanent stations positions. The coordinate transformation
between official coordinates and calculated coordinates cannot
be described as a rigid motion, as expected considering the
mentioned geodynamic phenomena.
Finally, the methods described in this thesis, meant to
analyze the positioning services of a GNSS active network,
can be used to study the positioning services provided by any
GNSS active network.
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