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Abstract This report briefly summarizes the activities
of the IVS Analysis Center at the Onsala Space Obser-
vatory during 2019-2020 and gives examples of results
of ongoing work.

1 General information

We concentrate on research topics that are relevant for
space geodesy and geosciences. These research topics
are related to data observed with geodetic VLBI and
complementing techniques.

2 Activities during the Past Two Years

We worked primarily on the following topics:

*  VGOS Intensives

* Short-baseline interferometry

* Adaption of the ASCOT software

* VLBI to near-field radio sources

* Deformation of radio telescopes

* Atmospheric delays in space geodesy
* Radio telescopes as InSAR reflectors
* Coastal GNSS reflectometry

* Gravimetry

* Ocean tide loading
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3 VGOS Intensives

We investigated the scheduling of VLBI Intensive ses-
sions with modern VGOS stations. This included both
the use of twin telescope VGOS stations [3] as well as a
new approach based on mixed-integer linear program-
ming [4]. In both cases, the focus was on the impact
of the new scheduling on the estimated UT1-UTC pa-
rameter, as well the local troposphere parameters at the
participating stations and was based on extensive sim-
ulations. These studies show that the inclusion of twin
telescopes in INT sessions promises to improve the
precision of UT1-UTC determinations, as compared to
legacy S/X Intensives. Estimated tropospheric parame-
ters were, however, only slightly improved [3[]. Mixed-
integer linear programming for scheduling slightly in-
creased the number of observations as well as the pre-
cision of the derived UT1-UTC parameters [4]].
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Fig. 1 Network geometry of simulations of Intensive sessions
where the VGOS twin telescope sites Onsala and Wettzell were
included. Figure taken from [3].
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Succeeding these scheduling and simulation inves-
tigations, we observed twelve VGOS Intensives during
December 2019 through February 2020, involving the
VGOS twin telescopes at Onsala [8]] and the VGOS sta-
tion Ishioka. These so-called VGOS-B sessions were
observed simultaneously to standard legacy S/X Inten-
sives that were primarily using Wettzell and Kokee.
The VGOS-B sessions were correlated and analyzed
at Onsala to derive UT1-UTC [9]]. The results show
that the VGOS-B sessions achieve 3—4 times lower for-
mal uncertainties for the UT1-UTC results than the si-
multaneously observed legacy S/X-band INT sessions.
The comparison to UT1-UTC of the final IERS Bul-
letin B shows a slightly better RMS agreement for the
VGOS-B results than for the simultaneously observed
legacy S/X-band INT1 results. To study the topic fur-
ther, a new series of VGOS-B sessions was started in
late 2020.

4 Short-baseline Interferometry

We performed 25 short-baseline interferometry ses-
sions with the three geodetic stations of the Onsala
telescope cluster, i.e., On, Oe, and Ow. The aim was
to connect the Onsala twin telescopes, Oe and Ow,
with the legacy S/X station On. The observations
were performed at X-band only, using dual-linear
polarization for the OTT and one circular polarization
for On. The sessions were planned, scheduled, ob-
served, correlated, fringe-fitted, and post-processed at
Onsala. Both group delay and phase delay solutions
were performed, resulting in precise coordinates for
Oe and Ow in VTRF2020b [23].

5 Adoption of the ASCOT Software

After the unfortunate closure of the VLBI group at
the University of Bonn, we adopted the VLBI data
analysis software ASCOT [1] that had been devel-
oped in Bonn during the last decade. ASCOT is now
available at https://github.com/varenius/
ascot| and will be further developed by the Onsala
VLBI Analysis Center. This software was used for
the analysis of the VGOS-B sessions [9], the short-
baseline interferometry sessions [23]], as well as for the
Onsala contribution to the IVS ITRF2020 solution.

6 VLBI with Near-field Radio Sources

We continued our work on VLBI with near-field ra-
dio sources. This included both analysis of real data of
the OCEL (Observations of the Chang’E Lander) ses-
sions [12]], as well as a simulation study for precise or-
bit determination of Earth satellites [[13]]. For the latter,
VLBI observations of medium earth orbiting satellites
were simulated using both the actual CONT17 legacy
S/X schedules, as well as simulated schedules for a hy-
pothetical international VGOS network with 16 glob-
ally distributed stations. Various different scheduling
options were studied, and different analysis strategies
were tested with Monte Carlo simulations. The sim-
ulations of observations for Galileo satellites with a
16-station VGOS network show that satellite orbits can
be determined with a precision of a few centimeters,
see Figure@ Furthermore, the results for the traditional
VLBI parameters, in particular the polar motion and
UTI1-UTC, are not degraded by including observations
to satellites. However, careful scheduling appears to be
of major importance to balance the ratio of observing
natural radio sources and satellites.
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Fig. 2 Location-dependent 3-dimensional weighted root-mean
square (WRMS) deviation (i.e., precision) of the orbit solutions
for observations of three Galileo satellites (E02, E04, and E12)
with a 16-station VGOS network (yellow dots). The figure is
taken from [13].

7 Deformation of Radio Telescopes

During the last two years, we worked on studying de-
formations of the radio telescopes at Onsala. This in-
cludes both the gravitational deformation of the 20-m
radio telescope [2l [16], as well as the Oe, one of the
Onsala twin telescopes [[14} [15]].
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Fig. 3 Signal path variation (SPV) models for the Onsala 20-m
telescope (On, red) and the Onsala twin telescopes (Oe, Ow,
blue). The same temperature as the Onsala reference tempera-
ture was used in the modeling.

For the 20-m telescope, the gravitational stability of
the telescope’s reference point was studied using data
acquired with a terrestrial laser scanner [11]]. A gravi-
tational deformation model was developed [16] that is
recommended now by the IVS for regular data analysis.
The signal path variation is more than 5 mm between
90° and 0° elevation, see the red curve in Figure

The gravitational deformation model for the On-
sala twin telescopes was derived from a photogram-
metric survey [15]. The signal path variation is about
—0.5 mm between 90° and 0° elevation (blue curve in
Figure|3)) and can easily be modeled.

8 Atmospheric Delays in Space Geodesy

We continued our research efforts concerning atmo-
spheric delay effects in space geodesy. This included
both the study of zenith wet delays [10] as well as hor-
izontal gradients [S]]. The horizontal gradients were es-
timated for the CONT14 campaign (6-20 May 2014)
and compared to the corresponding results obtained
from GNSS and microwave radiometry. Correlations
from 0.56 to 0.71 were obtained when VLBI gradients
were compared to the others using a temporal reso-
lution of 6 hours. The temporal resolution can be in-
creased with a better agreement for the use of the twin
telescopes with faster slewing speeds and thereby an
improved sampling of the atmosphere.

9 Radio Telescopes as INSAR Reflectors

In collaboration with Australian colleagues, we stud-
ied the possibility of using radio telescopes as reflec-
tors for InSAR satellite signals [17]]. While protecting
the delicate receiving systems of the OTT, we tracked
the European remote sensing satellites Sentinel-1a/b
with the radio telescopes. Using radio telescopes with
tracking capability provides the opportunity to achieve
many more reflections, even at low elevations, than
using dedicated fixed corner cube reflectors. Figure
shows an example of OTT reflections obtained for an
ascending satellite track.

Fig. 4 InSAR picture of Onsala from an ascending track of
Sentinel-1. The OTT had been tracking the satellite, resulting in
strong reflection signals.

10 Coastal GNSS Reflectometry

We continued our research in the field of GNSS re-
flectometry. Besides investigating a real-time approach
based on Kalman filter analysis [21]], we also investi-
gated the use of rather low-cost sensors for GNSS-R
instead of high-end geodetic equipment [22].

Furthermore, we investigated the uncertainty level
of GNSS-R for sea level observations [18]], as well par-
ticipated in an international comparison campaign on
GNSS-R [7]. For the latter, one year of data from the
Onsala GNSS-R installations was used.
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11 Gravimetry

We assessed one decade of continuous measurements
with the Onsala superconducting gravimeter (SG)
and sixteen visiting absolute gravity (AG) campaigns
[6L 19} 20]. The combined analysis of these data sets
guarantees the long-term gravity reference better than
10 pGal [20].

12 Ocean Tide Loading

The Automatic Ocean Tide Loading service was
operated throughout the year. It is heavily used by
the international scientific community. Both new
ocean models and new Green’s functions were
included during the last two years, see http:
//holt.oso.chalmers.se/loading/.

13 Future Plans

The IVS Analysis Center at the Onsala Space Ob-
servatory will continue its efforts to work on specific
topics relevant to space geodesy and geosciences.
We plan to intensify our work in particular concerning
tropospheric parameters sensed by space geodetic
techniques, as well as monitoring radio source flux
density with local interferometry. We also plan in
close collaboration with Lantméteriet—the Swedish
mapping, cadastral, and land registration authority—to
analyze the global VLBI data set on a more regular
basis and to contribute, for instance, to the IVS
quarterly solutions.

References

1. Artz T, Halsig S, Iddink A, Nothnagel A (2016)
ivg::ASCOT: Development of a New VLBI Software Pack-
age. In: D. Behrend, K. D. Baver, K. L. Armstrong (eds.)
International VLBI Service for Geodesy and Astrometry
2016 General Meeting Proc.: “New Horizons with VGOS”,
NASA/CP-2016-219016, 217-221

2. Bergstrand S, Herbertsson M, Rieck C, Spetz J, Svantes-
son C-G, Haas R (2019) A gravitational telescope defor-
mation model for geodetic VLBI. J. Geod., 93, 669-680,
doii10.1007/s00190-018-1188-1

10.

11.

12.

13.

14.

15.

Corbin A, Haas R (2019) Scheduling of Twin Tele-
scopes and the Impact on Troposphere and UTI1 Es-
timation. In: R. Haas, S. Garcia-Espada, J. A. Ldpez-
Fernandez (eds.) Proc. 24th EVGA Working Meeting, 194—
198. doi:10.7419/162.08.2019

Corbin A, Niedermann B, Nothnagel A, Haas R,
Haunert J H (2020) Combinatorial optimization applied to
VLBI scheduling. J. Geod., 94(2), doi:10.1007/s00190-020-
01348-w

Elgered G, Ning T, Forkman P, Haas R (2019) On the infor-
mation content in linear horizontal delay gradients estimated
from space geodesy observations Atmos. Meas. Tech., 12,
3805-3823, doi:10.5194/amt-12-3805-2019

Freier C, Hauth M, Schkolnik V, Leykauf B, Schilling M,
Wziontek H, Scherneck H-G, Miiller J, Peters A (2016)
Mobile quantum gravity sensor with unprecedented stabil-
ity. J. Physics: Conference Series, 723:1, doi:10.1088/1742-
6596/723/1/012050

Geremia-Nievinski F, Hobiger T, Haas R, Liu W, Strand-
berg J, Tabibi S, Vey S, Wickert J, Williams S D P (2020)
SNR-based GNSS reflectometry for coastal sea-level al-
timetry: results from the first IAG inter-comparison cam-
paign. J. Geod., 94(8) doij10.1007/s00190-020-01387-3
Haas R, Casey S, Conway J, Elgered G, Hammargren R,
Helldner L, Hobiger T, Johansson K-A, Kylenfall U, Pet-
tersson L, Wennerbick L (2019) Status of the Onsala Twin
Telescopes — Two Years After the Inauguration. In: R. Haas,
S. Garcia-Espada, J. A. Lépez-Fernandez (eds.) Proc. 24th
EVGA Working Meeting, 5-9 doii10.7419/162.08.2019
Haas R, Varenius E, Matsumoto S, Schartner M (2021) Ob-
serving UT1-UTC with VGOS. Earth, Planets and Space,
73:78, doi:10.1186/540623-021-01396-2

Halsig S, Bertarini A, Haas R, Iddink A Kodet J, Kronschn-
abl G, Neidhardt A, Nothnagel A, P16tz C, Schiiler T (2019)
Atmospheric refraction and system stability investigations
in short-baseline VLBI observations. J. Geod.., 93(4), 593—
614, doi:10.1007/s00190-018-1184-5

Holst C, Nothnagel A, Haas R, Kuhlmann H (2019) In-
vestigating the gravitational stability of a radio telescope’s
reference point using a terrestrial laser scanner: Case
study at the Onsala Space Observatory 20-m radio tele-
scope. ISPRS J. Photogrammetry Remote Sens., 149, 67-76,
doi:10.1016/j.1sprsjprs.2019.01.010

Klopotek G, Hobiger T, Haas R, Jaron F, La Porta L, Noth-
nagel A, Zhang Z, Han S, Neidhardt A, Plotz C (2019) Po-
sition determination of the Chang’e 3 lander with geodetic
VLBI. Earth, Planets and Space, 71, doi:10.1186/s40623-
019-1001-2

Klopotek G, Hobiger T, Haas R, Otsubo T (2020) Geodetic
VLBI for precise orbit determination of Earth satellites: a
simulation study. J. Geod., 94(6), doi:10.1007/s00190-020-
01381-9

Losler M, Haas R, Eschelbach C, Greiwe A (2019) Measur-
ing Focal Length Variations of VGOS Telescopes Using Un-
manned Aerial Systems In: R. Haas, S. Garcia-Espada, J. A.
Lépez-Fernandez (eds.) Proc. 24th EVGA Working Meeting,
17-21, doii10.7419/162.08.2019

Losler M, Haas R, Eschelbach C, Greiwe A (2019) Grav-
itational deformation of ring-focus antennas for VGOS:

IVS 2019+2020 Biennial Report


http://holt.oso.chalmers.se/loading/
http://holt.oso.chalmers.se/loading/
https://doi.org/10.1007/s00190-018-1188-1
https://doi.org/10.7419/162.08.2019
https://doi.org/10.1007/s00190-020-01348-w
https://doi.org/10.1007/s00190-020-01348-w
https://doi.org/10.5194/amt-12-3805-2019
https://doi.org/10.1088/1742-6596/723/1/012050
https://doi.org/10.1088/1742-6596/723/1/012050
https://doi.org/10.1007/s00190-020-01387-3
https://doi.org/10.7419/162.08.2019
https://doi.org/10.1186/s40623-021-01396-2
https://doi.org/10.1007/s00190-018-1184-5
https://doi.org/10.1016/j.isprsjprs.2019.01.010
https://doi.org/10.1186/s40623-019-1001-2
https://doi.org/10.1186/s40623-019-1001-2
https://doi.org/10.1007/s00190-020-01381-9
https://doi.org/10.1007/s00190-020-01381-9
https://doi.org/10.7419/162.08.2019

OSO - IVS Analysis Center

249

16.

17.

18.

19.

first investigations at the Onsala twin telescopes project. J.
Geod., 93, 2069-2087, doii10.1007/s00190-019-01302-5
Nothnagel A, Holst C, Haas R (2019) A VLBI delay model
for gravitational deformations of the Onsala 20 m radio tele-
scope and the impact on its global coordinates. J. Geod., 93,
2019-2036, doi:10.1007/s00190-019-01299-x

Parker A L, McCallum L, Featherstone W E, McCallum J,
Haas R (2019) The Potential for Unifying Global-Scale
Satellite Measurements of Ground Displacements using
Radio Telescopes Geophys. Res. Lett., 46, 11841-11849,
doii10.1029/2019GL084915

Purnell D, Gomez N, Chan N H, Strandberg J, Hol-
land D M, Hobiger T (2020) Quantifying the Un-
certainty in Ground-Based GNSS-Reflectometry Sea
Level Measurements. IEEE J-STARS, 13, 4419-4428,
doii10.1109/JSTARS.2020.3010413

Scherneck H-G, Rajner M (2019) Using a Superconducting
Gravimeter in Support of Absolute Gravity Campaigning -
A feasibility study. Geophysica 54(1), 117-135

20.

21.

22.

23.

Scherneck H-G, Rajner M, Engfeldt A (2020) Super-
conducting gravimeter and seismometer shedding light
on FG5’s offsets, trends and noise: what observations
at Onsala Space Observatory can tell us. J. Geod., 80,
doi:10.1007/s00190-020-01409-0

Strandberg J, Hobiger T, Haas R (2019) Real-time sea-level
monitoring using Kalman filtering of GNSS-R data. GPS
Solutions, 23, doi:10.1007/s10291-019-0851-1

Strandberg J, Haas R (2020) Can We Measure Sea Level
With a Tablet Computer? IEEE Geosci. Remote Sens. Lett.,
17(11), 1876-1878, doii10.1109/LGRS.2019.2957545
Varenius E, Haas R, Nilsson T (2021) Short-baseline inter-
ferometry local-tie experiments at the Onsala Space Obser-
vatory. J. Geod., in press

IVS 2019+2020 Biennial Report


https://doi.org/10.1007/s00190-019-01302-5
https://doi.org/10.1007/s00190-019-01299-x
https://doi.org/10.1029/2019GL084915
https://doi.org/10.1109/JSTARS.2020.3010413
https://doi.org/10.1007/s00190-020-01409-0
https://doi.org/10.1007/s10291-019-0851-1
https://doi.org/10.1109/LGRS.2019.2957545

	Onsala Space Observatory – IVS Analysis Center Activities during 2019–2020
	Rüdiger Haas1, Eskil Varenius1, Tobias Nilsson2, Gunnar Elgered1, Hans-Georg Scherneck1, Grzegorz Klopotek1, Joakim Strandberg1
	General information
	Activities during the Past Two Years
	VGOS Intensives
	Short-baseline Interferometry
	Adoption of the ASCOT Software
	VLBI with Near-field Radio Sources
	Deformation of Radio Telescopes
	Atmospheric Delays in Space Geodesy
	Radio Telescopes as InSAR Reflectors
	Coastal GNSS Reflectometry
	Gravimetry
	Ocean Tide Loading
	Future Plans
	References



