GLONASS-VLBI: Onsala-Wettzell test observations

R. Haas, T. Hobiger, A. Hellerschmied, A. Neidhardt, J. Kodet

Abstract A series of VLBI observations of GLONASS
signals were performed in January 2014 on the baseline
Onsala—Wettzell. Several GLONASS satellites were
observed in alternating mode, the resulting data were
correlated and fringes were successfully found. The re-
sults prove that signal-to-noise-ratio (SNR) on the or-
der of 50 can be achieved with just 2 s of observations
already. It appears however important to chose appro-
priate attenuation at the stations to receive the strong
satellite signals. Furthermore, the rather simple a priori
delay model used for the correlation needs to be im-
proved in order to be able to derive phase delays.
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1 Introduction

Since several years the question of how to connect the
reference frames of the various space geodetic tech-
niques is a topic of continual discussion. Currently,
the production of the International Terrestrial reference
Frame (ITRF) (Altamimi et al., 2011) depends heav-
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ily on so-called co-location stations that are equipped
with instruments for several space geodetic techniques.
Accurate information on the so-called local-tie vec-
tors between the reference points of the instruments is
needed in order to be able to connect the different space
geodetic techniques. For various reasons the quality
of the local-tie vectors appears not to be equal at all
co-location stations and in some cases is heavily de-
bated (Ray and Altamimi, 2005). Thus, to improve the
connection of the different space geodetic techniques,
ideas have been developed to achieve co-location in
space as a complement to co-location on the ground.

One idea is to launch low earth orbiting (LEO)
satellites that are equipped with receiving instruments
for GNSS signals, retro-reflectors for Satellite Laser
Ranging (SLR), and transmitters for artificial VLBI
signals (Bar-Sever et al., 2014). A first satellite follow-
ing this approach has been launched recently (Geshi,
2015) and it is to be expected that first VLBI observa-
tions of this satellite will be done soon.

Another idea is to observe GNSS signals directly
with VLBI telescopes (e.g. Tornatore et al. (2011)).
However, since GNSS signals are in the L-band, radio
telescopes with L-band receivers are needed for such
observations while today’s normal geodetic VLBI ob-
servations use S- and X-band. To realize the observa-
tion of GNSS signals with radio telescopes used for
geodetic VLBI, an L-band system has been developed
at the Wettzell Geodetic Observatory for its 20 m radio
telescope (Kodet et al., 2014). This new system extracts
the L-band signals through the S-band signal chain. In
early 2013 first successful tests have been performed
(Haas et al., 2014) together with the Onsala 25 m radio
telescope in Sweden, which is equipped with a dedi-
cated L-band system for astronomical VLBI observa-
tions. At that time one GLONASS satellite was ob-
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Fig. 1 The 20 m radio telescope at Wettzell (left) and the 25 m
radio telescope at Onsala (right).

served for about 45 minutes and fringes were found
successfully. Further test observations were performed
in early 2014, again using the Onsala—Wettzell base-
line. Figure 1 depicts photos of the involved telescopes.
In the following we present first results of the 2014 ob-
servations.

2 GLONASS-VLBI observations 2014

In January 2014 a series of GLONASS VLBI-
observations was scheduled for the Onsala—Wettzell
baseline. These observations involved the 25 m radio
telescope at Onsala with its dedicated L-band receiving
system, and the 20 m radio telescope at Wettzell with
its L-band via S-band system (Kodet et al., 2014).
The scheduling was done with the satellite-scheduling
module of the VieVs software (Hellerschmied et al.,
2014) which produced the necessary telescope control
files. The observations were planned for several hours
on January 16 and 21. In total eight GLONASS
satellites were observed in an alternating mode, i.e.
switching between the satellites, with observations
of several minutes, see Table 1. Since the satellite
signals are much stronger than the signals of natural
radio sources, at Onsala additional attenuation had to
be added in order to avoid saturation of the L-band
receiving system. For the observations on Jan. 16
additional attenuation of 10 dB was used, while for
the observations on Jan. 21 even 30 dB were used. In
contrast to that, at Wettzell, the weak L-band signal
that passes through the S-band horn needed to be
amplified by about 30 dB.

Table 1 Overview of the GLONASS-VLBI observations in Jan-
uary 2014. Given are the observing times, the GLONASS, NO-
RAD and PR numbers of the satellites.

Date UT-Time GLONASS NORAD PR

2014-01-16 12:30-12:45 743 37869 PRO8
12:50-13:05 723 32395 PRI11
13:10-13:25 730 36111 PRO1
14:00-14:15 730 36111 PROI
14:20-14:35 737 37138 PRI12
14:40-15:00 747 39155 PRO2

2014-01-21 13:30-13:35 743 37869 PRO8
13:37-13:42 732 36402 PR23
13:44.13:49 743 37869 PRO8
13:51-13:56 732 36402 PR23
13:59-14:04 743 37869 PRO8
14:08-14:13 735 36401 PR24
14:14-14:19 ” ” ?
14:25-14:30 732 36402 PR23
15:00-15:04 735 36401 PR24
15:05-15:09 ” ” ?
15:10-15:14 ” ” ?
15:20-15:24 746 37938 PR17
15:25-15:29 ” ” ?
15:30-15:34 ” ” ”
15:45-15:49 723 32395 PRI11
15:50-15:54 ” ? ?
15:55-16:00 ” ” ”

3 Data processing

The correlation of the observed data was done with
Version 2.3 of the software correlator DiFX (Deller
et al.,, 2011), which is installed at the Onsala Space
Observatory. The necessary a priori delay values were
externally calculated with a simple model following
Moyer (2000). Every 15 s the a priori delays were
expressed as coefficients of a polynomial model and
inserted in the control files for the DiFX correlation.
Each scan of 15 s length was correlated individually,
with 256 lags and 0.16 s accumulation period.

After correlation the resulting files were processed
with Fourfit !. Examples of fringe plots for all eight
GLONASS satellites that were observed are presented
in Fig. 2 and Fig. 3. It becomes clear that the higher at-
tenuation used at Onsala on Jan. 21 caused worse cor-
relation results compared to the Jan. 16 observations.
For example, the SNR values are lower and the corre-
lation amplitudes and phases are more noisy than for
the Jan. 16 observations.

1 http://www.haystack.mit.edu/tech/vlbi/hops/fourfit.txt
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Fig. 2 Examples of fringe plots for GLONASS PR11 (top left), PRO1 (top right), PR12 (bottom left) and PRO2 (bottom right),
observed on January 16, 2014, on the Onsala—Wettzell baseline.
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Fig. 3 Examples of fringe plots for GLONASS PROS8 (top left), PR23 (top right), PR24 (bottom left) and PR17 (bottom right),
observed on January 21, 2014, on the Onsala—Wettzell baseline.
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Fig. 4 Signal-to-noise (SNR) values obtained for the observa-
tion of Jan. 16 (left plot) and Jan. 21 (right plot).

Figure 4 depicts as an example the SNR values for
both days. The data of Jan. 16 consistently gave higher
SNR than the data of Jan. 21. Some of the observa-
tions did not perform very well, e.g. in the beginning
of Jan. 16 with PRO8 when one of the telescopes prob-
ably was not tracking correctly yet, and about in the
middle of Jan. 21 with PR24. The problems on Jan. 21
were due to an operator mistake at Onsala that caused
the disconnection of the backend and led to problems
with PR24 and a complete loss of the PR23 observa-
tions planned directly afterwards (see Table 1).

Additionally, test were performed with the Jan. 16
data using different scans length in Fourfit, between 2 s
and 300 s. The results show that SNR of about 50 can
already be achieved with 2 s of observed data. Scan
length of 15 s give SNR on the order of 150 to 200,
while scan length of 300 s give SNR of more than 500.

4 Conclusions and outlook

The GLONASS-VLBI tests performed in January 2014
were successful. The satellite-scheduling module in
VieVs was successfully used to plan the observations
and to prepare the necessary telescope control files.
Several GLONASS satellites could be observed in al-
ternating mode and fringes were successfully found
for all satellites. SNR values of 50 could be achieved
with scan lengths as short as 2 s. However, the simple
a priori delay model used for the correlation turned out
to be not sufficiently accurate enough. The observed

phases could not be unwrapped successfully and thus
it was not possible yet to determine phase delays. A re-
finement and improvement of this simple delay model
is planned for the near future. Furthermore, additional
GLONASS-VLBI observations are planned, also using
more than just one baseline.
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