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Abstract: Monitoring of permanent stations that make up the reference frame is an 
integral part of the geodesists work. Selection of reference stations is based on analysis 
of parameters characterizing them (hardware, coordinates’ stability, mounting, location). 
In this paper, we took into account phase residual as an indicator of unmodelled signal. 
Phase residuals were computed based on ASG-EUPOS and EPN observation processing. 
The results show the connection between the method of mounting the antenna and the 
residuals. We have reviewed multipath effect at ASG-EUPOS stations, and chosen those 
which are characterized by the highest value of phase residual. The results show that LC 
phase residual is a good factor to characterize site’s solutions’ reliability. For majority 
of sites RMS values were less than 10 mm. Modulations associated with multipath 
effect were observed for few ASG-EUPOS sites only. Phase residuals are distributed 
speciÞ cally for sites, which antennas are mounted on pillars (more common for EPN 
sites). For majority of analysed sites phase residual distribution was similar for different 
days and did not depend directly on atmosphere condition.
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1. Introduction

Multipath is, among others, a factor causing systematic errors in the GPS observations 
(Axelrad et al., 1996; Clark, 1992). Multipath occurs when the GPS signals reaches at 
an antenna through reß ections from nearby buildings, other objects or just the ground.  
Multipath effect can be minimized trough careful selection of antenna model and 
radomes (Dong et al., 2002), antenna mounting (Elosegui et al., 1995) and also proper 
processing strategy (e.g. using higher elevation cut-off angle). However, complete 
elimination of errors due to this phenomenon is not possible. There is a number of papers 
related to the impact of multipath effect on changes in the coordinates in annual (Ray 
et al., 2007), seasonal (Larson et al., 2008) or sub-daily (Penna et al., 2007) periods. 
According to (Kraus, 1988; Balanis, 2005) the surrounding space of an antenna may 
be divided into three zones: reactive near Þ eld (nearest the antenna), radiating near 
Þ eld and far Þ eld. Multipath effects in the Þ rst two were described e.g. by Dilssner 
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et al. (2008) and King and Watson (2012). All these works prove that the multipath 
effect and antenna patterns, which are associated with them, have a very signiÞ cant 
impact not only on the scattering signals, but they can also cause systematic errors 
in long-term time series, and thus may affect the determination of reference station 
coordinates (Dilssner et al. 2008) and velocity (Steigenberger et al., 2009). In this 
paper the phase residual values for stations of the Polish GBAS system ASG-EUPOS 
(Bosy et al., 2007) were analysed. ASG-EUPOS is a network of permanent GNSS 
stations, which according to the Regulation of the Polish Minister of Administration 
and Digitization of February 14, 2012 serves as the fundamental geodetic network in 
Poland. According to the model of multipath effect described by Elosegui (1995) and 
extended T. A. Herring model presented by King and Watson (2012) reß ective effects 
can be seen as a modulation of phase residual (�/�ËL) in a function of the elevation 
angle (�0). As demonstrated in the work by Goebell and King (2011) this effect should 
be visible, depending on the position of the reß ective medium, also in the azimuthally 
asymmetry. The Herring model assumed that multipath is caused by reß ector located 
below the GPS antenna (at some height, H). 
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It takes into account antenna gain pattern for direct (gd) and reß ected signal (gr) 
and also amplitude (a) of the reß ected signal for speciÞ c surface roughness (S):
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The aim of this study was to examine the occurrence of this effect on ASG-
EUPOS and selected EPN (EUREF Permanent Network) stations.

2. Data and processing strategy

For the analysis of phase residuals ASG-EUPOS and EPN stations were used. 
Observations from 110 (EPN) stations were processed for the period of 01.01.2012 –  
02.06.2012 (GPS WEEKS from 1669 to 1690) and 130 (ASG-EUPOS) stations for 
the period of 15.07.2012 – 11.08.2012 (GPS WEEKS 1697-1700). Most of the ASG-
EUPOS stations are equipped with the same type of antenna: TRM41249.00 TZGD 
(Fig. 1). Observations were processed with the GAMIT/GLOBK software package 
v. 10.4 (King et al., 2010) in a BASELINE mode, in which the orbits are Þ xed. IGS 
Þ nal orbits and absolute antenna models igs08_1682.atx were used for processing. For 
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troposphere modelling the GPT model was applied with Global Mapping Function 
(Böhm et al., 2006). The troposphere zenith delay parameters were estimated once per 
hour. Observations from low elevation satellites were eliminated by using elevation 
cut-off angle of 10 degrees. Melbourne-Wübbena widelane combination was used 
to resolve double-differenced ambiguities. The processing was done in three sub-
networks (about 40 stations each) in daily intervals. As an observable the double 
differenced ionosphere-free linear combination (LC) was used. For the analysis one-
way phase residuals have been computed by estimating the satellite and station clocks 
every 30 seconds. The average phase residuals for each pair satellite – station were 
estimated.

 

Fig. 1. LC residual phase for ASG-EUPOS stations: average value of RMS for the analyzed period
(15.07.2012 – 11.08.2012). Trimble Zephyr Geodetic w/Radome (TRM41249.00 TZGD) antenna 

marked by black dots
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3. LC phase residual on ASG-EUPOS stations

The one-way phase residuals were basis for the further analysis. The average value 
of root-mean-square (RMS) scatter of postfi t LC phase residuals for station per day 
was calculated. The mean value of RMS for the analysed period is presented in 
fi gure 1. This values represent the quality of the processed observations. For the most 
stations the value of RMS did not exceed 10 mm (Fig. 1). 

The highest LC phase residuals occurred at stations: DRWP, OSMZ, RYKI, 
HOZD, HRUB, where the values of RMS from the analysed period was over 15 mm 
(Fig. 1). These stations also have one of the most scattered time series from the 
entire network, as shown on fi gure 3 (e.g. ASG-EUPOS, 2013). Such high values of 
residuals were obtained for the whole observation period: for wet and dry days. This 
is a proof that for this particular case, high values of residuals do not depend directly 
on atmosphere state and troposphere delay. They can be related with electromagnetic 

 

Fig. 2. Sky plots for GPS LC phase residuals for the worst (OSMZ – 18.3 mm, RYKI – 16.6 mm, 
DRWP – 16.5 mm) and good (WLOC – 9.6 mm, OPLE – 8.6 mm, BUZD – 8.9 mm) ASG-EUPOS 

stations on 09.08.2012. Values presents the RMS (scatters) of the LC residuals. All presented stations 
are located on the buildings
















