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Abstract: National Geographic Institute of Spain has a strong background concerning technical 
aspects of geodetic VLBI. As a step forward in this field, a VLBI analysis team has been set up and 
tests with different software packages have been carried out. In this sense, two VLBI software 
packages have been used for experimentation activities in order to compare and validate IGE 
capability to produce accurate and consistent geodetic products, specifically Earth Orientation 
Parameters, station coordinates and troposphere delays. The purpose of this contribution is to 
present the results of these analyses, including some tests to use GNSS-based troposphere delay in 
VLBI processing and the study of gravitational deformation in Yebes radiotelescope. 
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1. Introduction 

In the last years, National Geographic Institute of Spain (IGE) has been strongly involved in 
technical aspects of geodetic VLBI. In this sense, it should be highlighted RAEGE project, for an 
Atlantic Network of Geodynamical and Space Stations. The aim of this project is setting up a 
Spanish-Portuguese network of four Geodetic Fundamental Stations, two in Spain (Yebes 
Observatory and Gran Canaria), and two in Azores Archipelago (Santa María and Flores islands). 

National Geographic Institute of Spain is committed to expand its contribution to geodetic 
VLBI. With this aim, a VLBI analysis team has been set up in order to contribute as much as possible 
to IVS analysis activities. In this respect, in January 2019 a bid to become potential analysis center 
was submitted to the IVS Combination Center. In this contribution the VLBI analysis activities that 
have been carried out so far are presented.  

2. Analysis Tools 

The International VLBI Service for Geodesy and Astrometry [1] is in charge of providing VLBI 
data and products for the scientific community. Among others, IVS products are terrestrial reference 
frame (TRF), the international celestial reference frame (ICRF), and Earth Orientation Parameters 
(EOP). Solutions in SINEX format estimated by individual Analysis Centers (AC) are combined by 
the IVS Combination Center and later used to produce consolidated products, for instance ITRF14 
[2], ICRF3 [3] or IERS EOP 14 C04 series [4].  

The selection of the VLBI analysis software package is a choice of the AC. At IGE, two VLBI 
software packages are currently being used. Software package Where [5] has been used for the 
reprocessing of 10 years of 24-h VLBI sessions. This is the software package that has been selected as 
part of the bid submitted in January 2019 to become potential IVS analysis center. Where is written 
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in Python and it can be downloaded freely through GitHub. Where is a project of the Norwegian 
Mapping Authority (NMA). 

The other software package that is being used at IGE for research activities is VieVS [6]. This 
package is coded in MATLAB and it is also accessible through GitHub. VieVS is managed by the 
Department of Geodesy and Geoinformation of the Technical University of Vienna. 

3. VLBI Processing 

In this section, VLBI analyses carried out so far at IGE are presented. These analyses are further 
detailed in [7–9]. 

3.1. EOP Estimation 

Where software package version 0.16.3 was used to process R1 and R4 VLBI sessions for the period 
spanning from 2002 to September 2018. The a priori frames used were ITRF14 and ICRF2 respectively. 
Station displacements modelling take into account solid tides, ocean loading effect (TPXO.7.2 model), 
solid and ocean pole tide, atmosphere tides and thermal antenna deformation. Troposphere model used 
was VMF1. The rest of models used were compliant to IERS Conventions [10]. 

The set of estimated parameters using a Kalman Filter was the following: 

• Station and source coordinates. 
• EOP (polar motion and rates, UT1, LOD and celestial pole offsets) 
• Station clocks (1 h interval) 
• Zenith troposphere delay (1 h interval) and gradients (6 h interval) per station. 

EOP differences for the period analysed with Where v0.16.3 were compared to EOP 14 C04 series [4]. 
The same analysis was performed using EOP estimated by other IVS Analysis Centers such as BKG, 
GSF, OPA and USN and the IVS combined solution [1]. Differences shown in Figure 1 are shifted in 
y axis for each AC for the sake of visibility. 

 
Figure 1. EOP differences with respect to EOP 14 C04 series [4]. 

The results shown in Figure 1 indicate good agreement for the polar motion components, 
whereas dUT1 and celestial pole offsets show worse results than other ACs. This is due to the fact 
that results from other ACs are based on a global solution schema, in which one set of source 
coordinates is estimated, whereas IGE results estimate source coordinates for each individual 
session. 
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3.2. Troposhere Estimation 

Zenith Troposphere Delay (ZTD) constitute a common atmosphere parameter in stations where 
VLBI and GNSS antennas are co-located. It has been compared the VLBI-based ZTD estimated by 
three individual VLBI AC (IAA, CGS and VIE) and the combined solution (IVS) with respect to 
GNSS-based ZTD estimated by means of a network solution (CODE) and PPP solution (IGS). This 
analysis is focused on 12 co-located VLBI antennas (Bd, Hb, Ke, Kk, Ma, Mc, Ny, On, Ts, Wz, Yg, Zc). 
The period analysed spans from 2013 to 2018. Table 1 reflects a statistical summary of the differences 
in terms of mean and standard deviation. 

Table 1. VLBI-based ZTD differences with respect to GNSS solutions 

Solution CGS IAA IVS VIE 
VLBI-GNSS CODE (mm) 0.7 ± 7.0 −1.2 ± 7.4 −0.7 ± 7.2 0.8 ± 7.9 

VLBI-GNSS IGS (mm) 0.5 ± 7.7 −1.3 ± 8.3 −0.9 ± 8.0 0.8 ± 7.9 

Overall results show a good agreement of VLBI-based ZTD with GNSS-based ZTD, regardless 
the GNSS technique used. 

Another analysis on inter-technique troposphere combination carried out at IGE was the usage 
of GNSS-based ZTD as a priori value in VLBI processing. For this analysis, VieVS 3.1 was modified 
to read and use GNSS-based troposphere delays as apriori value. The dataset used correspond to 
CONT17 campaing, in which 14 days of continuous VLBI data is available. 

The results in terms of coordinates repeatability are shown in Figure 2. No difference is found 
between using GNSS-based ZTD as a priori or using an apriori model. Results worsen if 
GNSS-based ZTDs are used as a priori value and not estimated. Nevertheless, the evolution of the 
software presented could be used in the frame of VLBI intensive sessions analysis, since GNSS-based 
gradients improve UT1 estimation [11]. 

 
Figure 2. Baseline length repeatabilities in CONT17 campaign under different troposphere 
estimation configuration. 

3.3. Gravitational Antenna Deformation 

An error source of importance in VLBI processing is gravitational deformation of the antennas. 
This effect modifies the path length of the radio signal impacting the estimation of the up component 
of the station coordinates. Due to this, IVS has asked antenna managers to survey antennas using a 
terrestrial laser scanner or photogrammetry to model gravitational deformation and take into 
account this information in the analysis.  
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IGE is currently planning the survey of 40 m Yebes antenna using a terrestrial laser scanner. 
Until this data is available, simulated data has been used to implement MATLAB routines in order 
to estimate deformation parameters and be ready to produce an antenna deformation model once 
the survey is done. 

4. Conclusions 

In this contribution, VLBI analysis activities carried out at IGE have been presented. IGE VLBI 
analysis team is driven to gain more experience on geodetic VLBI analysis and to humbly contribute 
as much as possible to IVS analysis activities, both in the operational analysis part and in research 
tasks.  

Regarding EOP estimation, the results presented show a similar accuracy than other IVS 
analysis centers, which indicates IGE team is ready for operational analysis. Concerning 
GNSS-based troposphere used as a priori value in VLBI analysis of 24 h sessions, the results do not 
show any improvement. Nevertheless, the evolution implemented in an existing VLBI software 
package could be used for the analysis of intensive sessions, where GNSS-based gradients have been 
proven to be useful. 
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