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Abstract The VLBI technique, in geodetic mode, was used ttite data was performed testing near field delay model aeeer
observe signals emitted by three GLONASS (GLObal NAvigaaearness; obtained results are described.

tion Satellite System) satellites. The baseline obsersingilta-

neously satellites had at its ends the Medicina (32 m) and On- )

sala85 (25 m) radio telescopes, both equipped with L-band r& Introduction

ceivers. Several preparatory tests were necessary fomolga
good data that could be processed.

In this paper we report on the observations performed on stug
16, 2010 data processing and results of the experiment. athe
ural radio source 3c286 was observed also as a calibratorebef
and after satellite observing sessions. A narrow band appro
using software primarily developed for astronomical andcsp
applications, was applied to extract the narrow band qarrie
Differential frequency on the baseline Medicina-Onsala @lgao
evaluated to compute differential phase which was thentadop

to Ideterr;meje:)telllée coorldl?ate correcu?ns W'éh retigeﬁgtlj:b for each data series but also between the different techsicu
values. broad-band correlation was periormed on the " essential to obtain a reference frame of highest accuracy.

data using the DIiFX software. The SFXC correlation of sateEresently the combination of different geodetic space -tech

niques is based on local-ties at co-located stations. Lipesl
are derived from local terrestrial geodetic surveys cdrdet at

Reference frames of high accuracy are the basis for the anal-
sis and interpretation of geodetic parameters and thair te
oral behaviour. Modern reference frames are generated by

IERS (International Earth Rotation and Reference System Se

vice) which combines solutions of the space geodetic tech-

nigues VLBI, SLR/LLR (Satellite Laser Ranging/Lunar Laser

Ranging), GNSS (Global Navigation Satellite Systems) and

DORIS (Doppler Orbitography and Radiopositioning Intégda

by Satellite). The consistency in time of the analysis styis

Vincenza Tornatore _ o these stations. Some discrepancies between the localetiesd
Politecnico di Milano, DIIAR, Piazza Leonardo da Vinci 3Z; | from terrestrial surveys and coordinate differences éerfvom
20133 Milan, ltaly space-geodetic observations have been found in seved stu
Rudiger Haas ies, however the reason for the discrepancies is often ear cl

Chalmers University of Technology, Department of Earth angijgel and Angermann, 2005).

Space Sciences, Onsala Space Observatory, SE-439 92 OnsalaThg racking of GNSS satellites by VLBI sites permits the
Sweden connection of both observing techniques at the satellitel le
Dmitry Duev ) _ (satellite co-location) and not at the station level. Irsthase
Joint Institute for VLBI in Europe, Oude Hoogeveensedijk 4y jink depends neither on the local ties nor on the unciesi

NL-7991 PD Dwingeloo, The Netherlands, and Lomonosoyt he GNSS reference point of the ground station antenrtes. T
Moscow State University, GSP-1, Leninskie gory, RU-119234,nnection at the satellite level is a promising alterreativ the

Moscow, Russian Federation connection at the stations. The independently estimasaibst
Sergei Pogrebenko . coordinates at co-located sites could also allow a vabdatif
Joint Institute for VLBI in Europe, Oude Hoogeveensedijk 4ya |ocal ties (Thaller et al., 2011).

NL-7991 PD Dwingeloo, The Netherlands With this work we want to verify if from a technical point ofexiv
Simon Casey the estimate of a GNSS satellite coordinates (in this caparin
Onsala Space Observatory, SE-439 92 Onsala, Sweden ticular we observe GLONASS satellites) can be obtainedgusin
Guifre Molera Calvés _ _ _the VLBI technique. Observing GNSS signals, using the same
Aalto University Metsahovi Radio Observatory, Finlandyptics as the VLBI signals (including gravitational andrthel
Metsahovintie 114, FI-02540 Kylmala, Finland deformations), the combination of the kinematic VLBI refece
Aard Keimpema frame of natural celestial radio sources and the dynamibis &

Joint Institute for VLBI in Europe, Oude Hoogeveensedijk 4yeference frames of satellite orbits is aided. The GNSdlisate
NL-7991 PD Dwingeloo, The Netherlands

162



GLONASS VLBI observations - First Results 163

Satellitd| Observation Interval [UTEmitted frequency [MHz]

PR11 11:59:50-12:14:50 1602.00
PR21 12:44:50-12:59:50 1604.25 Al
PR13 13:29:50-13:44:50 1600.87

Table 1 Satellite observation setup o |

8 10 12 4 16
VideoBand frequency w10’

positions could be expressed with respect to the backgroatid
ural radio sources. Furthermore, the connection of the VIISF
to the Earth’s gravity field could be improved.

In Section 2 the observations of the GLONASS satellites i
VLBI geodetic mode are described, in Section 3 data procgssi
of GLONASS and calibrator data are recalled both for narrow-
band and broad-band correlation, finally in Section 4 commercalibrator 3c386 2 IFs were at 1592.88 MHz and 2 at 1610 MHz
on present results and further developments are presented. both RHPC and LHCP.

Fig. 1 Power spectrum for interval 2 (PR11) observed at Onsala
Wdio telescope

2 VLBI GLONASS experiment description

3 Data processing of VLBl GLONASS
The VLBI observations were carried out on August 16, 2010 gpservations
on the baseline Onsala-Medicina and three GLONASS satllit
were tracked one by one. During the experiment the radiccsour
3c286 was observed as a calibrator for 5 minutes at the begfreveral studies and data processing have been performée on t
ning and at the end of the whole satellite session. The GLCBIASIata recorded during the August 16, 2010 experiment.
satellites observed in turn, for 15 minutes each, were PRR21
and PR13. They were selected, according to the planningh@mq .
those simultangously visible at both stat?ons anz very \g]egHL 3.1 Narrow-band correlation
tributed in the sky at each station. Then, during the obsierva
interval, they had nor a very low elevation, which is good tehe initial detection of the satellite carrier signal ancbsu
decrease a bit the troposphere effect, nor a very high @evatharmonics relative to the carrier was performed using tga-hi
which might have given antenna pointing problems. In order tesoution software spectrometer, SWSpec (Wagner and Mol-
track the satellites the 15 minutes observation interval 8&U-  era Calvés, 2007) and spacecraft tracking software, S®ara
ally made up of 45 scans of 20 seconds each, where for ab@igagner et al., 2010) developed at Metsahovi Radio Obtemya
half of these 20 seconds both the telescopes were pointthg at i collaboration with JIVE in the framework of the Planetég-
location. Such re-pointing of the radio telescopes prodilc¢he The first iteration of SWspec on data of the second inter-
data residuals some glitches with a period of about 20 secongy| (satellite PR11) observed with the Onsala radio tejgsds
They could be avoided if a continuous tracking softwared®a  shown in (Fig. (1)). The GLONASS signal is seen in the cen-
installed in the Field System. Frequencies emitted by eatsft-s tra) |obe at 8 MHz. The narrow peaks spaced 1 MHz are caused
lite and the interval of observation can be found in Table (1) py the Phase Calibrator signal from the receiver. We notige h
During all the experiment 4 IFs were simultaneously recdyde|eve| of power in the main and side lobes. For GLONASS satel-
there are 2 which were always tuned to 1610 MHz, 1 of thegge PR11 autocorrelation spectrum analysis we usegx10°
recorded RHCP (Right Hand Circular Polarization), the btheyrT (Discrete Fourier Transform) points, 1-second intégra
LHCP (Left Hand Circular Polarization). The other 2 IFs, @i time and Cosine-squared windowing, for a spectral resmiusf
again recorded RHCP and LHCP, were set to one of the 23 Hz over the 16 MHz bandwidth.
frequencies corresponding to the satellite being obseraed The SCtracker filters the satellite signal down to 8 kHz nar-
therefore changed during the experiment. A bandwidth of 18 pandwidth with spectral resolution of 4 Hz. The frequenc
MHz was observed in a way that eachone of the emitted frgatection noise is at a level of several mHz in 1 second. Restil
quencies was in the center of the bandwidth. Each RHCP hagh narrow-band signal processing were then analysed &t JIV
16 MHz, as did each LHCP, therefore a combined total of 32  after the PLL (Phase-Locked-Loop), the GLONASS signal
MHz per observed frequency, or 64 MHz total recorded bang filtered out to a narrow band around the carrier line of 8@0 H
RHCP and LHCP channels was applied in order to avoid satukgact the residual phase of the carrier tone. The phase &tichs
tion of the receiving systems by the strong satellite signal - detected at each stations allow us to study the phase katiotil
The calibrator 3c386 was observed at the starting of thdliate 50 the propagation path. We can see the results of asalysi
session for 5 minutes beginning 11:40:00 UT and for 5 minutfe GLONASS data for the 4th interval (satellite PR13) aixteli
at the end of the satellite session beginning at 14:00 UTth&r 4t Onsala radio telescope in the Fig. (2). The satellitegldth
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Fig. 2 Phase scintillation spectrum, as of GLONASS PR13 obF-'g' .4 Differential frequency of the_G_LONASS PR21 satellite
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Fig. 3 Phase fluctuations for the three: GLONASS satellite 07— L — . - )
PR11, PR21, PR13 observed at Medicina (top) and Onsala (b th
tom).

Fig. 5 Corrections to the ITRF position of the satellite PR21 on
the baseline Onsala-Medicina.

a 20 Hz sampling phase lock was extracted. The y-axis is the
power spectra density of the phase scintillations and taeisis
frequency of the phase scintillations in Hz. The phase #eint
tion is dominated by three components: ionosphere scitiths,
GLONASS LO phase noise and receiving telescope phase noise.
The phase from the 3 satellites (PR11, PR21, PR13) ob
served with the Medicina and Onsala antennas on the Augu
16, 2010 was extracted. The H-maser clock at the antennas was
used as reference. For convenience (+1) radian phase has bee
added to the Medicina data and (-1) radian to Onsala data. Tgez Broad-band correlation
detection of the phase was successful for 5 observatiorvaite
out of 6. Each one elapsed 900 seconds (15 minutes). Phase fluc
tuations for the three satellites are shown in the Fig. (3) Data of August 16, 2010 experiment was processed also apply-
The topocentric detections of the frequency/phase fimg broad-band correlation. The signals of the referencecso
Medicina and Onsala stations were reduced to the comm8n286 were correlated using the DiFX software (Deller et al.
phase centre, namely the geocentre. For this reductiorpréie 2007) in order to determine clock offsets and clock offset
calculated geocentric VLBI delays of the satellite sign&rev rates between the stations. Cross-correlation fringe esidl+
used. Geometric part of the delay for GLONASS satellitegal phase of the fringe were calculated for the calibrater ra
is computed using the Sekido-Fukushima model (Sekido adéb source 3c286, as detected during our experiment on the
Fukushima, 2006) for a near-field radio source. Contrilngitm  baseline Onsala-Medicina. Clock offset calibration aacymwas
the delay due to troposphere, ionosphere (using IGS TEC)map a level of 0.2ns, clock rate offset determination acourac
and clock offsets/rates at the stations were taken intolst@s was better than 0.05 ps/s, phase noise at a level of 0.2 ra-
well (Duev et al., in press). On the baseline Onsala-Meditie  dians at 1s sampling (Tornatore et al., 2011). Also the soft-
differential frequency of PR21 GLONASS carrier was then calware SFXC (http://www.jive.nl/correlator/status.htmlas used
culated. It shows a linear trend that is very close to zemg.(®@)). to find fringes for both calibrator 3c286 (Fig. (6) top) and
Such differential frequency was used to compute the diittme GLONASS satellite PR21 (Fig. (6) bottom). On the baseline
phase, which was in turn adopted as a residual for the lea§insala-Medicina, channel 1, 16 MHz bandwidth, RCP, 16K lags

squares estimation of corrections to the ITRF position @f th
satellite (Fig. (5)). The corrections obtained are of thieorof

Correlanon between the corrections to different coorttiaa
5. also present due to the fact that the observations were con
ted only on one baseline.
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' : ‘ : ! ' ' : present in the data or in the near field model. Together witBNVL
3C286 : - N
geodetic observation mode also a phase referencing oliserva
mode, could be attempted, even if in this case high satetite
locity could represent an obstacle to find radio source catlins
near to the satellite route.

Fringe amplitude, relative units

d() 1&00 2600 3(;00 40‘0‘0 5600 6600 7600 8(;00 5 ACknOWIedgementS

Delay lag number
4996

| PR21 ; This work is based on observations with the Medicina rade te
scope, operated by INAF-Istituto di Radioastronomiayjtahd
the Onsala85 radio telescope, operated by the Swedishridatio
Facility for Radio Astronomy.
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