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Abstract: 
Ongoing development of the SIGNAL Positioning Service is presen-
ted. The paper is focused on what is new since May 2011, i.e. after 
the 2nd CROPOS Conference. The main topics are network upgrades, 
usage statistics and ionosphere activity monitoring. In the second 
part of the paper, activities regarding height system and gravimetric 
surveys are discussed. One of the activities in 2013 intends to esta-
blish a national combined geodetic network.

Keywords: 
GNSS, levelling, 
national 
combined 
geodetic 
network, 
positioning, 
SIGNAL

1. Introduction

SIGNAL – the Slovenian permanent GNSS 
network and positioning service – was 
already presented at the 1st and 2nd CRO-
POS Conference (Radovan and Medved 
2009; Berk et al. 2011a). The way of fixing 
network stations’ coordinates was descri-
bed there. Some important events regar-
ding the network, development of its servi-
ces, and transformation between the local 
coordinates and the Slovenian realization 
of ETRS89 was also presented.

In this paper, relevant changes regarding 
the SIGNAL network in the last two years 
are addressed. First results on the ionos-
phere activity monitoring using SIGNAL 
network data are presented. They refere 
to the peak of the 24th solar cycle. Some 
important activities regarding recent deve-
lopments of the spatial reference system in 
Slovenia are also discussed.

2. The SIGNAL Positioning Service

The SIGNAL network of GNSS stations is 

owned by the Surveying and Mapping Aut-
hority of the Republic of Slovenia and ope-
rated by the Geodetic Institute of Slovenia. 
The network consists of 15 stations. Eight 
of them support GPS and GLONASS signal 
and the others GPS signal only. At the 
moment, 12 additional stations from the 
neighbouring countries are included into 
the network: five Austrian (APOS) stations, 
one Hungarian (GNSSnet.hu) station, and 
six Croatian (CROPOS) stations, see Figure 

Figure 1: Current configuration of the SIGNAL 
network.
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1. A total of 27 stations are actively inclu-
ded in the current network configuration. 
Croatian station (Zagreb) can also be used 
if needed, as a substitution in case of trou-
ble with some of the neighbouring stations 
(Bajec et al. 2012, Medved et al. 2013).

2.1 Important Changes since Mid 2011

Velika Polana reference station was put 
out of operation in 2011 due to construc-
tion works on site. As there has also a high 
building been constructed close to it, it was 
decided to move the station to Lendava, 
which is less than 7 km away. Lendava sta-
tion was operatonal in the SIGNAL network 
since April 2013.

Antenna upgrades from GPS only to GNSS 
were made at the Celje station (CELJ) in 
January 2012 and at the Nova Gorica (NOVG) 
and Trebnje (TREB) stations in May 2013. 
The auxiliary station equipment (UPS-devi-
ces, batteries, routers, and modems) on 
more than half of the network stations has 
been replaced. There was an interference 
problem at the Celje station on GLONASS 
frequencies in January 2012 and in October 
2011 with Ljubljana station on all frequen-
cies. The last remained unexplained and 
stopped within one month.

In 2011, there were two providers of real-
time services: Mobitel (mobile network 
operator) and Econonic Interest Associa-
tion of Geodetic Service Providers (GIZ 
GI) in cooperation with Tušmobil (mobile 
network operator). Now only Mobitel is 
providing real-time services. RINEX data 
are still free of charge for registered users. 
In July 2011 we swiched the system from 
Trimble RTKNet to the currently running 
VRS3Net software. Transition to the Trim-
ble Pivot is planned for the beginning of 
the year 2014.

2.2 The Latest Usage Statistics

Number of active users by year is shown in 
Figure 2. We can see, that since 2010, the 

number of real-time users has fallen to 250, 
which is very close to number of geode-
tic companies, registered at the Slovenian 
Chamber of Engineers. On the other hand, 
the number of RINEX data users has risen 
up since real-time services became paya-

ble in April 2010.
SIGNAL users have been doing very little 
post-processing compared to real-time 
positioning and among all of the real-time 
services, network corrections services are 
most often used, see Figure 3.

2.3 Ionosphere activity monitoring using 
reference stations network

As the solar activity is about to reach its 
maximum in the 24th solar cycle, the ionos-
phere disturbances were monitored using 

Figure 2: Number of active RINEX and real-time users 
by year

Figure 3: Usage of SIGNAL services in 2013
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the SIGNAL network data (Berk et al. 2013). 
In the period from July 2011 till end of 2012, 
I95 index was observed. The purpose of the 
analyses was to evaluate the degradation 
of the location based services in periods of 
high solar activity.

The maximum hourly value of I95 index 
(21,8) was reached on 16th November 2011. 
For I95 index values up to 2, the ionosphere 
disturbances are interpreted as low, for the 
values between 2 and 4 as average, and 
above 4, as high. The hourly value of 20 
was exceeded only two more times; on 18th 
August 2011 and on 7th October 2011. The 
solar activity was highest in months from 
August 2011 till December 2011, as seen in 
Figure 4.

3.  Horizontal/Terrestrial System

The current realisation of ETRS89 is dated 
back to the 1996, which is a rounded mean 
epoch of the three GPS campaigns invol-
ved into computations. So, there is a need 
for a new realisation. Within the project of 
establishing a national combined geo¬detic 
network of Slovenia – see section 5, below – 
a new realisation of ETRS89 is planned. The 
five official EUREF sites in Slovenia shall be 
replaced with sites of the combined geo-
detic network. At these stations – among 

others – permanent GNSS observa¬tions 
will be collected. 

The quality of the country-wide triangle-
based transformation model, version 3.0 
(Berk and Komadina 2013), has been chec-
ked in the eastern part of the country (Berk 
et al. 2011b). The consistency analysis of 
D48/GK and D96/TM coordinates of more 
than 62,000 cadastral boundary points 
shows some deviations in the areas with 
low density of tie points used. Some of our 
activities in the last period were therefore 
focused into the realization of two impor-
tant tasks: to define and realize the tran-
sformation procedure from D48 to ETRS89 
for all official spatial data, and to establish 
the first geokinematic model for the terri-
tory of Slovenia.

4. Height and Gravimetric Systems

The implementation of the new height 
system is based on the new levelling 
network, which is being measured from 
2006. Altogether, 1116 km of levelling 
lines were measured till the end of 2012, 
which is 59 % of all planed levelling lines. 
The new levelling network consist of 14 
levelling loops, all closed on the therithory 
of Slovenia. Altogether, there are above 
2,000 km of levelling lines. Some levelling 

Figure 4: Highest hourly I95 index values by days in Slovenia between June 2011 and December 2012.
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lines measured in the nineties will also be 
re-measured, see Figure 5. There are also 
planned some new conections to Croatia.  
The mean error of the two-sided levelling 
is 0.42 mm/km (Koler et al. 2012b).

Detailed gravimetric surveys, based on the 
new fundamental gravi¬metric network 
(Koler et al. 2012a), were  per¬formed 
along all measured levelling lines. In the 
last 6 years, more than 1,200 new points 
were observed, see Figure 6. Gravimetric 
surveys are performed with the purpose 
of determinig geopotencial numbers of 
benchmarks. This observations will also 
be used for computations of a new geoid 
model. Analyses have shown the need 
to densify the gravimetric data mainly in 
the western part of Slovenia  (Koler et al. 
2012b), so in the future we plan detail regi-
onal gravimetric measurements.

For the purpose of improvement the height 
reference surface model, the GNSS mea-
surements (min. 36 hrs) were carried out 
on homogeneously distributed points over 
the whole territory of Slovenia. At the 
moment, there are over 50 GPS/levelling 
points to be used for fitting a new (quasi-)
geoid, plans are to thicken up 80 points, 
see Figure 7.

5. National Combined Geodetic Network

As already mentioned above, the newly 
started project of implementation of the 
vertical component of ESRS in Slovenia also 
intends to establish a national combined 
geodetic network (as a unified ‘zero-order’ 
horizontal and vertical networks). Its reali-
zation will connect the highest-order hori-
zontal, vertical, and gravimetric networks, 
including the existing national permanent 
GNSS network.

A preliminary study was carried out in order 
to determine its concept (Berk et al. 2012). 
As an optimal number of network sites, six 
sites were chosen. Their macro¬-locations 
were also selected with the circles with 
radius of 25 km – see Figure 8. The average 
distance between the planned neighbou-
ring sites in the network is about 100 km.

Figure 5: Epochs of the first order levelling lines
(years of their last re-levelling)

Figure 6: Measured gravity points in the period 2006–
2012

Figure 7: Measured GPS/levelling points for fitting a 
new (quasi-)geoid(years of their last re-levelling)
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Figure 8: Macro-locations of the planned combined 
geodetic network of Slovenia

Figure 9: ‘Zero-order’ sites monumentation – some 
proposed variants

The combined geodetic network of Slove-
nia will serve as a:
•	 reference frame for the national 

horizontal/¬terrestrial system,
•	 reference frame for the national height 

and gravi¬metric systems,
•	 reference frame for the national per-

manent GNSS network, and
•	 multi-purpose calibration network.

On the other side, the national combined 
geodetic network will serve as the funda-
mental geodetic infrastructure for perma-
nent monitoring of geodynamic processes 
on the territory of the country. It will assure 
the quality of georeferencing in long-term. 
All the sites of the network will be fixed 
in three dimensions, functioning as geo-
metric (i.e. permanent GNSS stations) and 
gravity-referenced (levelling and gravime-

tric) network points. One of the six sites is 
placed at the coast and will be used as fun-
damental benchmark with the permanent 
tide gauge station. All the points will be 
monumented with concrete pillars, drilled-
braced tripods, or rohn towers, see Figure 
9.

It is planned to establish this network till 
the end of 2016.

6. Conclusions

Some changes regarding the SIGNAL 
network and some new activities in the last 
two years are presented. A small change of 
the network configuration was made and 
some station equipment upgrades were 
completed. Switch to the new software 
managing the network was also made. 
Some network usage statistics are given, 
showing a certain decrease of the real-time 
users since the real-time services became 
payable. First results of the monitoring of 
ionospheric disturbances over Slovenia 
through the SIGNAL network are presented. 
They show some periods with high hourly 
values of I95 index, which could cause pro-
blems to the users of GNSS.

Some quality analyses of the local to ETRS89 
datum transformation model for Slovenia 
were carried out. Other activities regar-
ding the terrestrial reference system were 
focused on the realization of the national 
combined geodetic network. This network 
will integrate all geometric and gravity-
related reference networks in Slovenia. The 
implementation of the new height system 
is based on the new levelling network, 
which is being measured since 2006. Deta-
iled gravimetric surveys based on the new 
fundamental gravi¬metric network were 
per¬formed along all measured levelling 
lines. GNSS measurements were carried 
out on homogeneously distributed points 
over the whole territory of Slovenia. These 
GPS/levelling points will be used for fitting 
a new (quasi-)geoid.
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Sažetak: 
Predstavljen je razvoj pozicijskog sustava SIGNAL. Rad 
je posebice usredotočen na novosti, nastale od svibnja 2011, 
nakon 2. CROPOS konferencije. Glavne teme su mrežne nado-
gradnje, statistike o korištenju i praćenje aktivnosti ionosfere. 
U drugom dijelu slijedi diskusija o aktivnostima, koje se odnose 
na visinski sustav i gravimetrijska mjerenja. Prikazane su i 
aktivnosti uspostave nacionalne kombinirane geodetske mreže 
u 2013 godini.

Razvoj prostornog 
referentnog sus-
tava u Sloveniji

Ključne riječi: 
GNSS, nacionalna 
kombinirana geodetska 
mreža, niveliranje, 
pozicioniranje, SIGNAL


