3.4.3

International VLBI Service for Geodesy and Astrometry (IVS)

IVS Organization and

Activities

During 2017, the IVS continued to fulfill its role as a service within the
IAG and AU by providing necessary products for the maintenance of
global reference frames: TRF, CRF, and EOP. Some highlights of the
IVS organization and activities were:

Several IVS Analysis Centers (ACs) in cooperation with the In-
ternational Astronomical Union (IAU) Working Group on the third
realization of the International Celestial Reference Frame (ICRF3)
worked on prototype solutions and their final contributions to
ICRF3. It is planned to create a combined solution based on
the individual solutions of the ACs in SINEX form.

The IVS continued an observing program to determine the align-
ment of the current radio frame (ICRF2) with the future Gaia
optical frame by observing ICRF2-Gaia transfer sources.

In the first quarter of 2017 the 32-m antenna at Tsukuba, Japan
was dismantled. The functionality of Tsukuba, in particular the
observation of the weekend Intensive sessions to determine UT1,
was taken over by the 13.2-m antenna at Ishioka.

The Onsala Twin Telescopes were inaugurated on May 18, 2017
as part of the European VLBI Group for Geodesy and Astrome-
try (EVGA) meeting, which was held at Chalmers University of
Technology in Gothenburg, Sweden. The meeting attracted 100
participants from 20 countries.

The IVS published three IVS Newsletters in April, August and
December, keeping the community informed about IVS activities.
In December 2017 the Biennial Report 2015+2016 was published.

Table 1: IVS meetings in 2017. The EVGA and AOV are regional subgroups of the IVS organizing institutions
that are active in geodetic and astrometric VLBI in Europe and Asia-Oceania.

Event Location Date

9th IVS Technical Operations Workshop Westford, MA, USA April 30 — May 4, 2017
23rd EVGA Working Meeting Gothenburg, Sweden May 15-19, 2017

18th IVS Analysis Workshop Gothenburg, Sweden May 17, 2017

37th IVS Directing Board meeting Gothenburg, Sweden May 19, 2017

Detection and Measurement of RFl in RA Yebes, Spain June 8-9, 2017

2nd General Meeting of the AOV Kobe, Japan July 31 — August 1, 2017
6th Int’'l VLBI Technology Workshop Bologna, Italy October 9-11, 2017
38th IVS Directing Board meeting Bologna, Italy October 12, 2017
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A total of 202 geodetic/astrometric 24-hour sessions were observed
during the year 2017. The number of observing sessions coordinated
by IVS was about ~3.9 days per week; the increase of the number of
sessions w.r.t. 2016 (with 190 sessions) is mostly due to the inclusion of
the CONT17 campaign (see below). Beyond that, the last two observing
years were very similar in its composition. In addition to the 24-hour
sessions, there were 410 1-hour Intensive sessions observed for the
determination of UT1-UTC. The major observing programs during 2017
were:

Weekly (Mondays and Thursdays) 24-hour, rapid turnaround measure-
ments of EOP. Databases were available no later than 15 days after
each session. The NASA Goddard Space Flight Center (R1) and the
U.S. Naval Observatory (R4) coordinated these sessions.

Daily 1-hour UT1 Intensive measurements were made on five days
(Monday through Friday, Int1) on the baseline Wettzell (Germany) to
Kokee Park (Hawaii, USA), on weekend days (Saturday and Sunday,
Int2) on the baseline Wettzell (Germany) to Ishioka (Japan), and on
Monday mornings (Int3) in the middle of the 36-hour gap between the
Int1 and Int2 Intensive series on the network Wettzell (Germany), Ny-
Alesund (Norway), and Ishioka (Japan).

Bi-monthly sessions coordinated by the Institute of Geodesy and Geoin-
formation of the University of Bonn, Germany, with 14—16 stations per
session. Seven of these sessions were observed to monitor the TRF
with all IVS stations.

The Celestial Reference Frame (CRF) sessions, coordinated by the U.S.
Naval Observatory, provide astrometric observations that are required
for improving the current CRF and for extending the CRF by observing
‘new’ sources. Twelve sessions were observed for the maintenance of
the CRF in 2017.

The Very Long Baseline Array (VLBA), operated by the Long Baseline
Observatory (LBO), allocated six observing days for astrometry/geodesy.
These sessions included the 10 VLBA stations plus up to seven geodetic
stations, providing state-of-the-art astrometry as well as information for
mapping ICRF sources.

The European geodetic network, coordinated by the Institute of Geodesy
and Geoinformation of the University of Bonn, continued with six ses-
sions in 2017.
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The purpose of the IVS-OHIG (Southern Terrestrial Reference Frame)
sessions is to tie together optimally the sites in the southern hemisphere.
In 2017 five OHIG sessions were observed.

The Asia-Pacific Space Geodynamics (APSG) program operated two
sessions in 2017.

In 2017, 19 Austral sessions were observed. The purpose is to de-
termine the station coordinates and their evolution in the Australia
(AuScope) and New Zealand geodetic VLBI network.

The Asia-Oceania VLBI Group for Geodesy and Astrometry (AOV) had
six sessions during 2017.

Ten research and development sessions were observed in 2017. The
goals of the 2017 R&D sessions included the observation of link sources
between Gaia and the ICRF2 and the improvement of the scheduling
technique of the Intensives.

The IVS organized a continuous VLBI campaign (CONT17) during the
period from November 28 to December 12, 2017. The campaign con-
sisted of three separate networks: two legacy S/X networks observing
for 15 consecutive days (Figure 1) and one VGOS broadband network
(Figure 2) observing for five consecutive days in the middle of the
CONT17 period. The use of the two legacy networks allows to study
the accuracy of VLBI estimates of EOP and to investigate possible
network biases. A special issue on CONT17 is planned to be published
in Journal of Geodesy.

A
Ny—Alesund
Onsala A
Badary
Brewster g tizel A
v Hancock Mcdwma’We
O\fv‘ens Valley vNorth Liberty Yebes Matera Zelenchukskaya A
. Picto Los Alamos v Kashima
Kitt Peak ™ ¥Fort Davis Seshan Kokee
vSt. Croix Mauna Kea

AFortaleza

AKatherme

A Yarragadee,
Hartebeesthoek

Fig. 1: The two legacy S/X networks of CONT17: the Legacy-1 network is depicted by blue triangles and the
Legacy-2 network by red inverted triangles. Twenty-seven stations at 26 sites participated in the S/X portion

of CONT17.
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Fig. 2: The six-station VGOS demonstration network (VGOS-Demo, green circles) of CONT17. The
broadband signal chain roll-out for Onsala and Hobart (yellow circles) was not completed on time for an

official inclusion in the campaign.
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The correlator at Haystack Observatory (USA), the correlator at the U.S.
Naval Observatory in Washington (USA), the BKG/MPIfR correlator
at the Max Planck Institute for Radio Astronomy in Bonn (Germany),
the correlator at the Shanghai Astronomical Observatory (China), and
the correlator at the Geospatial Information Authority of Japan (GSI) in
Tsukuba efficiently processed the data recorded for the IVS. The major-
ity of the 24-hour sessions were processed by the Bonn and Washington
correlators. Both correlators used the DiFX software correlator; while
the Bonn correlator processed the R1, EURO, T2, Int3, and OHIG
sessions, the Washington correlator was responsible for the R4, Int1,
and CRF deep south sessions. The Shanghai correlator analyzed CRF,
APSG, and AOV sessions. The Haystack correlator processed R&D
sessions and some T2 sessions. The Int2 sessions were processed at
the Tsukuba correlator.

The IVS Data Centers continued to receive databases throughout the
year and made them available for analysis within one day of correlation.
The Data Centers also continued to receive solutions from Analysis
Centers. All data and results holdings are mirrored several times per
day among the three primary IVS Data Centers at BKG (Germany),
Paris Observatory (France), and Goddard Space Flight Center (USA).

At its meeting in Gothenburg, Sweden on 19 May 2017, the Directing
Board decided that the analysis work should make the switch from
using the MK3 database format (and the derived NGS card files) to
only using the vgosDB format by 30 September 2017. This change is
needed in anticipation of VGOS; the older formats of MK3 databases
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and NGS cards are not capable of storing VGOS data. Most analysis
packages were upgraded to support the new format in all stages of data
processing. Also the correlators updated their software suites to output
vgosDB. The complete transition, however, had to be postponed to early
2018, because a few Analysis Centers were not capable to use vgosDB
by the deadline and the data centers required a vetting process (e.g.,
security checks, metadata extraction) before placing the vgosDB files
into their archives that was not completed yet.

In the context of rolling out the new format, the Analysis Centers
were encouraged to start their analysis work at the Version-1 level of
the database and to perform all pre-processing steps themselves (i.e.,
ambiguity resolution, ionospheric calibration, inclusion of weather and
cable data). Thus far, many Analysis Centers started at the Version-4
level and relied on one or two main IVS Analysis Centers to do the
pre-processing.

Progress was made in achieving operational readiness of the next-
generation VLBI system, the VLBI Global Observing System (VGOS). In
addition to the CONT17 VGOS campaign, a network of 5-6 stations reg-
ularly participated in 24-hour sessions about every two weeks. These
sessions were used to improve the operational stability of the stations,
data transport mechanisms, and the correlation and post-processing
of the data. All of these were necessary steps to make the first VGOS
broadband CONT campaign possible. The Onsala Twin Telescopes
(Sweden) were inaugurated on May 18, 2017 as part of the European
VLBI Group for Geodesy and Astrometry (EVGA) meeting. They ob-
tained broadband fringes toward the end of 2017. With the signal chain
assembly at Onsala, first experience was gained with the European digi-
tal backend DBBC3 for use in VGOS. Further work is needed to optimize
its application; but it is anticipated that several European stations will
utilize the DBBC3 backend in the future. The Australian AuScope anten-
nas at Hobart, Katherine, and Yarragadee are scheduled to be upgraded
to VGOS broadband systems in 2018. New VGOS stations are under
construction at Ny-Alesund (Norway), Hartebeesthoek (South Africa),
Metsahovi (Finland), Shanghai (China), and Gran Canaria (Spain).

A first test experiment for distributed correlation was performed in
2017. Pieces of data of an R1 session were distributed to several branch
correlators and each of these correlated one hour of the network. Later
the results were gathered at the central correlator at MPIfR in Bonn
and compared to a full correlation performed in Bonn. Some issues
were encountered with the data transfer and the different versions of
the DiFX software used at the various branch correlators. While these
issues prevented us from drawing final conclusions from this test, the
experience gained was very useful and distributed correlation appeared
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to be a very promising approach. Further tests are planned to be
performed in 2018.

Publications K.D. Baver, D. Behrend, K. Armstrong (editors): IVS 2015+2016 Bi-
ennial Report, NASA/TP-2017-219021, Greenbelt, MD, USA, 2017,
online: https://ivscc.gsfc.nasa.gov/publications/br2015+2016/
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