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Tenth IVS General Meeting 
Longyearbyen, Norway 

 
Welcome to the High Arctic 

 
The 10th General Meeting of the International VLBI Service for Geodesy and Astrometry (GM2018) 
is hosted by the Norwegian Mapping Authority (Kartverket) in Longyearbyen on the island of 
Spitsbergen, Svalbard, from 3–9 June 2018. The GM2018 includes plenary sessions, poster sessions, 
an analysis workshop, and further splinter meetings. 
 
The keynote of GM2018 is the contribution of the VLBI Global Observing System (VGOS) to the 
Global Geodetic Observing System (GGOS) in its endeavor to render sustainable development 
possible under the theme  
 

“Global Geodesy and the Role of VGOS – Fundamental to Sustainable Development.” 
 
The United Nations recognized the importance of geospatial information to address global challenges 
with creating a UN-GGIM Subcommittee on Geodesy and following through with a roadmap to 
implement a Global Geodetic Reference Frame (GGRF). The space-geodetic techniques of VLBI, 
GPS, SLR, and DORIS will be fundamental for an accurate, accessible and sustainable GGRF to 
support science and society.  
 
As a participant in GM2018, you are cordially invited to take part in the official opening of 
Kartverket’s new Earth Observatory in Ny-Ålesund on Wednesday, 6 June 2018. A ship will 
transport you through the beautiful Arctic scenery from Longyearbyen to Ny-Ålesund, which is 
located some 70 miles to the northwest of Longyearbyen. 
 
Kartverket is proud of its new observatory. When finalized, it will combine five geodetic measuring 
techniques: Very Long Baseline Interferometry (VLBI), Satellite Laser Ranging (SLR), Global 
Navigation Satellite Systems (GNSS), Doppler Orbitography and Radio positioning Integrated by 
Satellite (DORIS), and gravimetry. 
 
The International VLBI Service for Geodesy and Astrometry (IVS) holds a General Meeting every 
two years. Its purpose is to assemble representatives from all IVS components to share information 
and plan future activities. This meeting also provides a forum for interaction with other members of 
the VLBI and Earth science communities.  
 
We wish you a successful meeting and some memorable days in the High Arctic. 
 

Local Organising Committee   Program Committee 
 
Per Erik Opseth (chair)    Dirk Behrend (chair)        Evgeny Nosov 
Anne Kristin Moen Frivold (co-chair)  John Gipson         Chet Ruszczyk 
Reidun Kittelsrud     David Hall         Torben Schüler 
Reidun Khalayli     Thomas Hobiger        Oleg Titov 
Leif Morten Tangen     Lucia McCallum        Gino Tuccari 
Ann-Silje Kirkvik     Reidun Kittelsrud        Takahiro Wakasugi 
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Longyearbyen 
 
Longyearbyen is the largest settlement and capital of Svalbard, a Norwegian archipelago in the 
Arctic Ocean. 
 

 
 
The lower parts of the town lie along the southwest-
ern shore of the bay of Adventfjorden, a branch of 
Isfjorden. Longyearbyen is the world’s northern-
most town, with all settlements further north being 
research or meteorological outposts. Longyearbyen 
is a 3-hour flight away from Oslo and a 1.5-hour 
flight from Tromsø. 
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Meeting Venue 
 
The GM2018 will be held in the Kulturhuset, while some splinter meetings will take place in the 
Radisson Blu Polar Hotel or the Polarsenteret. 
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Tenth IVS General Meeting 
Longyearbyen, Norway 

 
EXTENDED SCHEDULE OF EVENTS 

 
Most events take place in the Kulturhuset. 

Exceptions are indicated in angular brackets. 
 
 
 
Sunday, June 3, 2018 
 
14:00–16:00 VGOS Technical Committee (VTC) meeting  [Radisson Blu Polar Hotel] 
17:00–22:00 Registration and Icebreaker Reception 
 
 
Monday, June 4, 2018 
 
08:00–10:15 Opening and Session 1 
10:15–10:45 Coffee break 
10:45–12:30 Session 1 
12:30–14:00 Lunch break 
14:00–15:30 Session 1 
15:30–16:00 Coffee break 
16:00–17:30 Session 2 
18:15–20:15 SvalSat Visit (Group 1)  [bus excursion] 
 
 
Tuesday, June 5, 2018 
 
08:30–10:15 Session 3 
10:15–10:45 Coffee break 
10:45–11:15 Session 3 
11:15–12:30 Session 4 
12:30–14:00 Lunch break 
14:00–15:30 Session 4 
15:30–16:00 Coffee break 
16:00–17:30 Poster sessions (Sessions 1–5) with refreshments 
18:15–20:15 SvalSat Visit (Group 2)  [bus excursion] 
 
 
Wednesday, June 6, 2018 
 
08:00–13:00 Boat trip to Ny-Ålesund  [gather at Longyearbyen town pier by 07:45] 
14:00–15:00 Official Opening of the new Earth Observatory, Group Photo, Site Visit 
15:30–17:30 Festive lunch at Kongsfjord Hall 
17:30–18:30 Sightseeing of Ny-Ålesund 
19:00–24:00 Boat trip back to Longyearbyen  [gather at pier by 18:45] 
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Thursday, June 7, 2018 
 
08:30–10:15 Session 4 
10:15–10:45 Coffee break 
10:45–11:15 Session 4 
11:15–12:30 Session 5 
12:30–14:00 Lunch break 
14:00–15:30 Session 5  
15:30–16:00 Coffee break 
16:00–17:00 Session 5 and Closing 
19:00–23:00 Banquet at Kulturhuset 
 
 
Friday, June 8, 2018 
 
09:00–10:15 IVS Analysis Workshop 
10:15–10:45 Coffee break 
10:45–12:00 IVS Analysis Workshop 
12:00–13:00 Lunch break 
13:00–14:15 Southern Hemisphere Astrometry Team meeting  [Polarsenteret] 
14:15–14:45 Coffee break 
14:45–17:00 Southern Hemisphere Astrometry Team meeting  [Polarsenteret] 
 
 
Saturday, June 9, 2018 
 
09:00–10:45 IVS Directing Board meeting  [Radisson Blu Polar Hotel] 
10:45–11:15 Coffee break 
11:15–13:00 IVS Directing Board meeting  [Radisson Blu Polar Hotel] 
13:00–14:00 Lunch break 
14:00–15:45 IVS Directing Board meeting  [Radisson Blu Polar Hotel] 
15:45–16:15 Coffee break 
16:15–18:00 IVS Directing Board meeting  [Radisson Blu Polar Hotel] 
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Tenth IVS General Meeting 
Longyearbyen, Norway 

 
PROGRAM 

 
 

Sunday, June 3, 2018 
 
 
17:00–22:00 Registration and Icebreaker Reception 

Radisson Blu Polar Hotel 
 
 

Monday, June 4, 2018 
 
Opening	
 
Chair:	Per	Erik	Opseth	
 
08:00 Opening Ceremony 
(1) Welcome by Per Erik Opseth, Director Geodetic Institute, NMA 
(2) Welcome by Axel Nothnagel, IVS Chair, and Chair’s Report 
(3) Movie 
(4) Keynote speech “The UN-GGIM Initiative on the Global Geodetic Reference Frame: Strengths 
and Weaknesses”, Zuheir Altamimi, IAG Vice-President, IGN France 
 
 
Session	1:	 Building	the	VGOS	Network	
 
Chairs:	Pablo	de	Vicente	and	Weimin	Zheng	
 
09:45 The Global Geodetic Observing System: Status and Future Outlook (invited) 
Richard Gross 
 
10:15 Coffee Break 
 
10:45 The Status of RAEGE 
Pablo de Vicente 
 
11:00 Technical Progress of Chinese VLBI Network 
Weimin Zheng 
 
11:15 Do We Need a New Fundamental Geodetic Station in Antarctica? 
Oddgeir Kristiansen, Ludwig Combrinck, Halfdan P. Kierulf, Dan MacMillan, Toshimichi Otsubo, 
Per Erik Opseth, Leif M. Tangen 
 
11:30 Extending the “Quasar” VLBI Network: VGOS-compatible Radio Telescope in Svetloe 
Evgeny Nosov, Dmitry Ivanov, Alexander Ipatov, Dmitriy Marshalov, Ismail Rakhimov, Vyacheslav 
Mardyshkin, Alexander Vytnov, Alexander Salnikov, Andrey Mikhailov 
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11:45 Status of the Onsala Twin Telescopes 
Rüdiger Haas, Simon Casey, Gunnar Elgered, Roger Hammargren, Leif Helldner, Thomas Hobiger, 
Karl-Åke Johansson, Ulf Kylenfall, Mikael Lerner, Lars Pettersson, Miroslav Pantaleev, Lars 
Wennerbäck 
 
12:00 New NASA SGP VGOS Station at McDonald Observatory 
James Long, Darryl Lakins, Lawrence Hilliard, Jan McGarry, David Stowers, Ed Himwich 
 
12:15 News about the Evolution of Tahiti’s Geodetic Observatory 
Richard Biancale, Jean-Pierre Barriot 
 
12:30 Lunch Break 
 
14:00 Progress and Current Status of the VGOS Project at the Metsähovi Geodetic Research 
Station 
Nataliya Zubko, Jyri Näränen, Guifré Molera Calvés, Markku Poutanen 
 
14:15 VGOS Wideband Reception and Emerging Competitor Occupations of VLBI Spectrum 
Vincenza Tornatore, Hayo Hase 
 
14:30 RFI Impact on Cryogenic Low Noise Wideband Amplifiers: Degradation, Mitigation 
and Avoidance 
Steve Rawson 
 
14:45 Design Trade-offs in Feed Systems for Ultra-wideband VLBI Observations 
Jonas Flygare, Miroslav Pantaleev, John Conway, Michael Lindqvist, Rüdiger Haas 
 
15:00 New Observing Modes for the DBBC3 
Gino Tuccari, Walter Alef, Sven Dornbusch, Rüdiger Haas, Karl-Åke Johansson, Helge Rottmann, 
Alan Roy, Michael Wunderlich 
 
15:15 VGOS Digital Signal Chain Evaluation: RDBE-G / Mark 6 at 8 Gbps versus 16 Gbps 
Chet Ruszczyk 
 
15:30 Coffee Break 
 
 

Session	2:	 VGOS	Technique	and	Observations	
 
Chairs:	Chet	Ruszczyk	and	Alexander	Neidhardt	
 
16:00 Development of Wide Bandwidth VLBI in Kashima 
Kazuhiro Takefuji, Hideki Ujihara, Tetsuro Kondo, Mamoru Sekido, Tsutsumi Masanori, Eiji 
Kawai, Miyauchi Yuka, Shingo Hasegawa 
 
16:15 Current Status of VGOS Observations with Ishioka VLBI Station 
Takahiro Wakasugi, Shinobu Kurihara, Masafumi Ishigaki, Michiko Umei, Midori Fujiwara, 
Masayoshi Ishimoto, Basara Miyahara 
 
16:30 Current Results of the VERA K/Q-bands Fringe Survey: Performance of the 8-Gbps 
Recording System and its Effectiveness 
Takaaki Jike, Tomoaki Oyama, Takumi Nagayama, Aya Yamauchi 
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16:45 New Scheduling Tool in VieVS 
Matthias Schartner, Johannes Böhm 
 
17:00 The “Smart Observatory” for Autonomous and Remote Observations 
Alexander Neidhardt, Arpad Szomoru, Johann Bachem, Matthias Schönberger, Katharina 
Kirschbauer, Johann Eckl 
 
17:15 An Early Exploration of VGOS Data, Precision, and Accuracy 
Pedro Elósegui 
 
 
 

Tuesday, June 5, 2018 
 
 
Session	3:	 Legacy	S/X	and	Mixed	Legacy/VGOS	Operations	
 
Chairs:	Evgeny	Nosov	and	David	Hall	
 
08:30 Organizing the Continuous VLBI Campaign 2017 (CONT17) (invited) 
Dirk Behrend, Cynthia Thomas, John Gipson, Ed Himwich 
 
08:45 VGOS/Legacy Mixed-mode Observations: Status and Plans (invited) 
Arthur Niell, Mike Titus, John Barrett, Pedro Elósegui, Ganesh Rajagopalan, Chet Ruszczyk 
 
09:00 Implementation and First Results of the Local Wettzell VLBI Correlator GOWL 
Apurva Phogat, Christian Plötz, Torben Schüler, Gerhard Kronschnabl, Alexander Neidhardt, Ulrich 
Schreiber, Jan Kodet, Walter Alef, Helge Rottmann, Laura La Porta, Simone Bernhart 
 
09:15 The Bonn Correlator: Status Report 
Laura La Porta, Helge Rottmann, Jan Wagner, Simone Bernhart, Walter Alef, Axel Nothnagel, 
Torben Schüler, Arno Müskens, Yuri Pidopryhora, Rebecca Azulay 
 
09:30 VLBI Correlation Activities at TU Wien 
Jakob Gruber, Johannes Böhm, Jamie McCallum 
 
09:45 Geodetic Capabilities at the JIVE SFXC Correlator 
Francisco Colomer, Mark Kettenis, Robert M. Campbell, Patrick Charlot, Arpad Szomoru 
 
10:00 USNO Correlator Status 2018 
Andy Sargent, David Hall, Phillip Haftings, Matt Hardin, Khalil Suliman 
 
10:15 Coffee Break 
 
10:45 An S/X-compatible VGOS System for the AuScope Array 
Jamie McCallum, Lucia McCallum 
 
11:00 Half the Time: An Overview of the LBO–USNO Timeshare Agreement 
Megan Johnson, Alan Fey, Lucas Hunt, Nicole Geiger, Christopher Dieck, John Spitzak, Bryan 
Dorland 
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Session	4:	 VLBI	Core	Products	and	Their	Improvements	
 
Chairs:	Dan	MacMillan	and	Minghui	Xu	
 
11:15 IVS Galactic Aberration in VLBI Analysis: Findings of IVS WG8 (invited) 
Dan MacMillan and WG8 members 
 
11:30 ICRF3, the New Realization of the International Celestial Reference Frame 
Patrick Charlot, on behalf of the ICRF3 Working Group 
 
11:45 X/Ka-band Component of the Proposed ICRF3: the Importance of Observation and 
Parameter Correlations 
Chris Jacobs, Cristina García-Miró, Shinji Horiuchi, Lawrence G. Snedeker, J. Eric Clark, Mattia 
Mercolino, Ioana Sotuela, Leslie A. White 
 
12:00 Combining Datum-free Normal Equation Systems for the Determination of Celestial 
Reference Frames 
Maria Karbon, Axel Nothnagel 
 
12:15 Effect of VLBI Observation Networks on Source Stability 
Karine Le Bail, David Gordon 
 
12:30 Lunch Break 
 
14:00 Insight to Astrophysical Phenomena from VLBI Source Position Instabilities 
César Gattano, Patrick Charlot 
 
14:15 Improving the S/X Celestial Reference Frame in the South 
Alet de Witt, Karine Le Bail, Chris Jacobs, David Gordon, David Mayer, Matthias Schartner 
 
14:30 Systematic Effects in the ICRF as Seen from Gaia 
David Mayer, Johannes Böhm, Sébastien Lambert, Hana Krásná, Niu Liu 
 
14:45 Core-shift Measurements in a Large Sample of Extragalactic Radio Sources and Their 
Effect on High-accuracy Astrometry 
Alexander Plavin, Yuri Kovalev, Alexander Pushkarev 
 
15:00 Closure Analysis of the IVS Data 
Minghui Xu, James M. Anderson, Robert Heinkelmann, Harald Schuh, Guangli Wang 
 
15:15 Recent Activities of the IVS Combination Center in View of a Consistent Realization of 
EOP, TRF, and CRF 
Sabine Bachmann, Linda Janssen, Daniela Thaller 
 
15:30 Coffee Break 
 
Poster	Session	(Sessions	1–5)	with	refreshments	
 
16:00-17:30 Core Poster Time for All Sessions 
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Wednesday, June 6, 2018 
 
 
Boat	Trip	to	Ny‐Ålesund	
 
07:45 Gather at Longyearbyen Town Pier 
 
08:00-13:00 Boat Trip from Longyearbyen to Ny-Ålesund 
 
13:00 Transport from Ny-Ålesund to the new Earth Observatory 
 
14:00-15:00 Official Opening of the new Earth Observatory, Group Photo, Site Visit 
 
15:00 Transport from the new Earth Observatory to Kongsfjord Hall in Ny-Ålesund 
 
15:30-17:30 Festive Lunch at Kongsfjord Hall 
 
17:30 Free Time for Sightseeing of Ny-Ålesund 
 
18:45 Gather at Pier in Ny-Ålesund 
 
19:00-24:00 Boat Trip from Ny-Ålesund to Longyearbyen 

 
24:00 Arrival at Longyearbyen Town Pier 
 
 
 

Thursday, June 7, 2018 
 
 
Session	4:	 VLBI	Core	Products	and	Their	Improvements	
 
Chairs:	Dan	MacMillan	and	Minghui	Xu	
 
08:30 New VLBI Solutions at Analysis Center DGFI-TUM 
Matthias Glomsda, Younghee Kwak, Michael Gerstl, Detlef Angermann, Florian Seitz 
 
08:45 VLBI-derived Earth Orientation Parameters Generated at ESOC 
Claudia Flohrer, Erik Schönemann, René Zandbergen, Tim Springer, Werner Enderle 
 
09:00 Making Where Available to the Community 
Geir Arne Hjelle, Michael Dähnn, Ingrid Fausk, Ann-Silje Kirkvik 
 
09:15 Improvements of the Stochastic Model of the VLBI Data Analysis 
Nicat Mammadaliyev, Robert Heinkelmann, Tobias Nilsson, Harald Schuh 
 
09:30 Earth’s Nutation: Recent Advances in Improving the Accuracy of Their Measurement 
by VLBI and in Constraining the Fluid and Inner Core Resonances 
Sébastien Lambert, Yann Ziegler, Ibnu Nurul Huda, Jean-Yves Richard, Niu Liu, César Gattano, 
Séverine Rosat, Christian Bizouard 
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09:45 Results from the BA 50 Balanced Scheduling Strategy INT01 R&D Sessions 
Karen Baver, John Gipson 
 
10:00 European Intensive Sessions for the Estimation of Universal Time 
Johannes Böhm, Ruben Bolaño, Susana García Espada, Javier González, Jakob Gruber, Gerhard 
Kronschnabl, Alexander Neidhardt, Apurva Phogat, Christian Plötz, Matthias Schartner, Torben 
Schüler, Pablo de Vicente 
 
10:15 Coffee Break 
 
10:45 Intensifying the Intensives with the VLBA 
Nicole Geiger, Alan Fey, Christopher Dieck, Megan Johnson 
 
11:00 Navigating Across the C-band: Experimental C-band Intensives with the VLBA 
Christopher Dieck, Megan Johnson, Alan Fey, Nicole Geiger 
 
 
 
Session	5:	 Extending	the	Scope	of	VLBI	Usage/Applications	
 
Chairs:	Lucia	McCallum	and	Takahiro	Wakasugi	
 
11:15 Planetary Probes as Near-field VLBI Targets: Science Applications, Methodology and 
Synergy with IVS (invited) 
Leonid Gurvits, Tatiana Bocanegra-Bahamón, Giuseppe Cimò, Dominic Dirkx, Dmitry Duev, Guifré 
Molera Calvés, Sergei Pogrebenko 
 
11:30 VLBI Observations of Satellites (invited) 
Rüdiger Haas 
 
11:45 Testing Differential-VLBI (Phase Referencing) Observations of GPS Satellites with the 
EVN 
James M. Anderson, Li Liu, Robert Heinkelmann, Harald Schuh 
 
12:00 Observing the APOD Satellite with the AuScope VLBI Network 
Andreas Hellerschmied, Lucia McCallum, Jamie McCallum, Johannes Böhm, Jing Sun 
 
12:15 Geodetic VLBI Observations of the Chang’E-3 Lander – First Insights 
Grzegorz Klopotek, Thomas Hobiger, Rüdiger Haas, Axel Nothnagel, Zhongkai Zhang, Laura La 
Porta, Frédéric Jaron, Songtao Han 
 
12:30 Lunch Break 
 
14:00 VLBI and Essential Geodetic Variables 
Richard Gross 
 
14:15 SAND: An Automated VLBI Imaging and Analyzing Pipeline – I. Stripping Component 
Trajectories 
Ming Zhang, Arnaud Collioud, Patrick Charlot 
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14:30 Toward Reliable Estimates of the Free Core and Inner Core Parameters from a 
Bayesian Inversion of VLBI and Gravimetric Data 
Yann Ziegler, Sébastien Lambert, Séverine Rosat, Christian Bizouard 
 
14:45 Canberra DSN Twin Telescope Tests: Assessing Station Oriented Systematic Errors 
Shinji Horiuchi, Chris Jacobs 
 
15:00 Analysis of the Short VLBI Baseline at the Wettzell Observatory 
Iván Herrera Pinzón, Markus Rothacher, Jan Kodet, Ulrich Schreiber 
 
15:15 Solar Corona Electron Density Models from Recent VLBI Experiments AUA020 and 
AUA029 
Benedikt Soja, Oleg Titov, Anastasiia Girdiuk, Jamie McCallum, Stanislav Shabala, Lucia 
McCallum, David Mayer, Matthias Schartner, Alet de Witt, Fengchun Shu, Alexey Melnikov, 
Dmitry Ivanov, Andrey Mikhailov, Sang-Oh Yi, Sébastien Lambert 
 
15:30 Coffee Break 
 
16:00 VLBI for Time & Frequency Applications 
Monia Negusini, Roberto Ricci, Federico Perini, Roberto Ambrosini, Claudio Bartolotti, Mauro 
Roma, Giuseppe Maccaferri, Mauro Nanni, Matteo Stagni, Davide Calonico, Cecilia Clivati, Anna 
Tampellini, Giuseppe Bianco, Mario Siciliani de Cumis, Luigi Santamaria Amato, Daniele Dequal 
 
16:15 Using VLBI Telescopes as Bright Reflectors in InSAR Images 
Lucia McCallum, Amy Parker, Jamie McCallum, Rüdiger Haas, Will Featherstone 
 
 
 
Closing	
 
16:30 Closing Remarks and Announcement of GM2020 Venue 
Axel Nothnagel, IVS Chair 
 
17:00 Adjourn GM 
 
 
 
General	Meeting	Banquet	
 
19:00-23:00 Banquet at Kulturhuset 
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Posters	
 
 

Session	1:	 Building	the	VGOS	Network	
 
[S1 P01]  HartRAO’s New VGOS Radio Telescope 
Philip Mey, Roelf Botha 
 
[S1 P02]  Extension and Optimization of the Local Geodetic Network at Onsala Space Observ-
atory 
Cornelia Eschelbach, Michael Lösler, Rüdiger Haas, Henrik Fath 
 
[S1 P03]  Initial Results from the MIKES-Metsähovi Time and Frequency Link for the VGOS 
Radio Telescope 
Guifré Molera Calvés, Jyri Näränen, Thomas Fordell, Anders Wallin 
 
[S1 P04]  Ultra-wideband Feed Systems for the EVN and SKA – Evaluated for VGOS 
Jonas Flygare, Miroslav Pantaleev, John Conway, Michael Lindqvist, Leif Helldner, Magnus 
Dahlgren, Rüdiger Haas, Peter Forkman 
 
[S1 P05]  BRAND EVN: Development Status 
Gino Tuccari, Walter Alef, Miroslav Pantaleev, Jonas Flygare, Jose A. López Pérez, Félix Tercero, 
Gijs Schonderbeek, Vladislavs Bezrukovs 
 
 

Session	2:	 VGOS	Technique	and	Observations	
 
[S2 P01]  Broadband VLBI Experiment on the Onsala – Kashima Baseline 
Gino Tuccari, Karl-Åke Johansson, Kazuhiro Takefuji, Mamoru Sekido, Rüdiger Haas, Simon 
Casey, Sven Dornbusch 
 
[S2 P02]  Investigating Quasar Structure in VGOS with Simulations and Observations 
Simin Salarpour, Lucia McCallum, Stanislav Shabala, Jamie McCallum 
 
[S2 P03]  Communication, Coordination, and Automation for Future Geodetic Infrastructures 
Alexander Neidhardt 
 
[S2 P04]  A New Generation of Wettzell’s Remote Access to the NASA Field System using 
Web-based Techniques 
Alexander Neidhardt 
 
[S2 P05]  The VGOS Data Pipeline: Correlation to Database Generation 
John Barrett, Mike Titus, Arthur Niell, Chet Ruszczyk, Pedro Elósegui 
 
 

Session	3:	 Legacy	S/X	and	Mixed	Legacy/VGOS	Operations	
 
[S3 P01]  Testing the Impact of Different VLBI Network Geometry in the CONT Campaigns 
Santiago Belda, Maria Karbon, José M. Ferrándiz, Axel Nothnagel 
 
[S3 P02]  Comparison of CONT17 Networks 
Younghee Kwak, Matthias Glomsda, Michael Gerstl, Detlef Angermann 
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[S3 P03]  Current Activities and Plans of the AOV – Asia Oceania VLBI Group 
Lucia McCallum, Takahiro Wakasugi 
 
[S3 P04]  LEVIKA: Wettzell Relative Radio Telescope Positioning with a Tailor-made Analysis 
Software 
Torben Schüler, Christian Plötz, Apurva Phogat 
 
[S3 P05]  Local Radio Telescope Ties from the Wettzell Precision Engineering Surveying Net-
work 
Torben Schüler, Thomas Klügel, Swetlana Mähler, Christian Plötz 
 
[S3 P06]  BKG CVC: The Central VLBI Observation Coordination Facility of the Federal 
Agency for Cartography and Geodesy at the Geodetic Observatory Wettzell 
Torben Schüler, Christian Plötz, Apurva Phogat 
 
[S3 P07]  Characterization of the Masers at the Geodetic Observatory Wettzell 
Christoph Bürkel, Jan Kodet, Christian Plötz, Gerhard Kronschnabl, Ulrich Schreiber, Torben 
Schüler 
 
[S3 P08]  Antenna Parameters and Local Tie between the HartRAO 15-m and 26-m Antennas 
Marisa Nickola, Alet de Witt, Hana Krásná, Chris Jacobs, Ludwig Combrinck, Johannes Böhm 
 
 

Session	4:	 VLBI	Core	Products	and	Their	Improvements	
 
[S4 P01]  Parametrization of the Source Coordinates and Its Impact on the Nutation Param-
eters 
Ansgar Dreier, Maria Karbon, Axel Nothnagel 
 
[S4 P02]  Realization of Celestial Reference Frames using a Classification of Radio Sources 
Based on the Allan Variance 
César Gattano, Patrick Charlot 
 
[S4 P03]  Improving the Process Noise Model of Kalman Filter Celestial Reference Frames 
Using Source Structure Information 
Benedikt Soja, Lucia McCallum, Stanislav Shabala, Jamie McCallum, Chris Jacobs, Richard Gross 
 
[S4 P04]  Amplitude and Phase—The Complex Impact of Source Structure on Geodetic VLBI 
Analysis 
James M. Anderson, Minghui Xu, Robert Heinkelmann, Harald Schuh 
 
[S4 P05]  EOP Precision of the Operational R1 and R4 Sessions 
Cynthia Thomas, Dan MacMillan 
 
[S4 P06]  DOGS-RI: The VLBI Software of DGFI-TUM 
Matthias Glomsda, Michael Gerstl, Younghee Kwak, Detlef Angermann, Florian Seitz 
 
[S4 P07]  Initial VLBI Analyses at the National Geographic Institute of Spain 
Esther Azcue, Víctor Puente, Javier López Ramasco, Marcelino Valdés, Susana García Espada, 
Yaiza Gómez Espada 
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[S4 P08]  NMA Analysis Center – Progress Report 
Ann-Silje Kirkvik, Geir Arne Hjelle, Åsmund Skjæveland, Ingrid Fausk, Michael Dähnn 
 
[S4 P09]  A Comprehensive Data Set of the State of the Atmosphere around the Geodetic Ob-
servatory Wettzell during the CONT17 Campaign 
Thomas Klügel, Armin Böer, Torben Schüler, Walter Schwarz, Christian Plötz 
 
[S4 P10]  A Half-year Comparison of Precipitable Water Vapor Retrieved with Novel Ground-
based Microwave Radiometer, GPS, and Numerical Weather Analysis Data Obtained at 
Tsukuba 
Ryuichi Ichikawa, Taketo Nagasaki, Osamu Tajima, Hiroshi Takiguchi, Kentaro Araki 
  
[S4 P11]  Permanent Reference Point Monitoring of the Radio Telescopes at the Geodetic Ob-
servatory Wettzell 
Swetlana Mähler, Thomas Klügel, Michael Lösler, Torben Schüler, Christian Plötz 
 
 

Session	5:	 Extending	the	Scope	of	VLBI	Usage/Applications	
 
[S5 P01]  VLBI Processing at NASA GSFC with GEODYN 
Frank Lemoine, Dan MacMillan, Despina Pavlis, David Rowlands, Douglas Chinn, John Gipson 
 
[S5 P02]  VIRAC Contribution to Geodesy 
Jānis Kaminskis, Ivars Smelds, Lauris Goldbergs, Valdis Avotins 
 
[S5 P03]  Determination of the Invariant Reference Point of the Korean VLBI Network (KVN) 
Radio Telescopes: First Results from KVN Ulsan and Tamna 
Sung-Moon Yoo, Taehyun Jung, Sung-Mo Lee, Ha Su Yoon, Han-Earl Park, Jong-Kyun Chung, 
Seog Oh Wi, Jungho Cho, Do-Young Byun 
 
[S5 P04]  A GPS-based Study to Improve the Accuracy of Local Geodetic Ties at Co-located 
Sites that Exploits Small-scale Atmospheric Structure 
Dhiman Mondal, Pedro Elósegui, James Davis 
 
[S5 P05]  Comparison of Processing Strategy for Time and Frequency Transfer Using GNSS 
Ryuichi Ichikawa, Hideki Narita, Yuka Miyauchi, Tadahiro Goto, Kuniyasu Imamura 
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Session	1:	 Building	the	VGOS	Network	
 
[S1 T01]  The Global Geodetic Observing System: Status and Future Outlook (invited) 
Richard Gross 
 
The Global Geodetic Observing System (GGOS) of the International Association of Geodesy (IAG) 
provides the basis on which future advances in geosciences can be built. By considering the Earth 
system as a whole (including the geosphere, hydrosphere, cryosphere, atmosphere and biosphere), 
monitoring Earth system components and their interactions by geodetic techniques and studying 
them from the geodetic point of view, the geodetic community provides the global geosciences 
community with a powerful tool consisting mainly of high-quality services, standards and references, 
and theoretical and observational innovations. The mission of GGOS is: (a) to provide the 
observations needed to monitor, map and understand changes in the Earth's shape, rotation and mass 
distribution; (b) to provide the global frame of reference that is the fundamental backbone for 
measuring and consistently interpreting key global change processes and for many other scientific 
and societal applications; and (c) to benefit science and society by providing the foundation upon 
which advances in Earth and planetary system science and applications are built. The goals of GGOS 
are: (1) to be the primary source for all global geodetic information and expertise serving society and 
Earth system science; (2) to actively promote, sustain, improve, and evolve the integrated global 
geodetic infrastructure needed to meet Earth science and societal requirements; (3) to coordinate 
with the international geodetic services that are the main source of key parameters and products 
needed to realize a stable global frame of reference and to observe and study changes in the dynamic 
Earth system; (4) to communicate and advocate the benefits of GGOS to user communities, policy 
makers, funding organizations, and society. In order to accomplish its mission and goals, GGOS 
depends on the IAG Services, Commissions, and Inter-Commission Committees. The Services 
provide the infrastructure and products on which all contributions of GGOS are based. The IAG 
Commissions and Inter-Commission Committees provide expertise and support for the scientific 
development within GGOS. In summary, GGOS is IAG’s central interface to the scientific 
community and to society in general. The status and future outlook of the Global Geodetic Observing 
System will be presented. 
 
[S1 T02]  The Status of RAEGE 
Pablo de Vicente 
 
I will present the current status of the RAEGE network: Yebes 13.2-m radio telescope, Santa María 
13.2-m, and the future 13.2-m at Gran Canaria in the Canary Islands. The presentation will include 
recent results and technical developments under way. 
 
[S1 T03]  Technical Progress of Chinese VLBI Network 
Weimin Zheng 
 
In recent years, the Chinese VLBI network has been greatly promoted by China’s Lunar Exploration 
Project (CLEP) and the VLBI Global Observation System (VGOS). The new VGOS station is about 
to be put into trial observation in 2018. The new VGOS wideband VLBI terminal, the integrative 
data acquisition and transmission VLBI terminal for deep-space tracking have been installed. The 
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correlator has been successfully applied to lunar probes and GEO satellite for phase reference 
precision positioning experiments. In combination with geodetic observations, precision comparisons 
with DiFX and K5 correlators have been performed and the CVN correlator is planned to be used for 
IVS data processing. We plan to carry out ultra-broadband receiver, 14-GHz bandwidth direct RF 
sampling VLBI terminal, the GPU base software correlator and space VLBI technology research. 
According to the plan, more ground antennas will join CVN in the near future. Besides, since the 
first multi-purpose earth-moon baseline space VLBI experiment will be carried out, CVN baseline 
will extend to 300,000 km. 
 
[S1 T04]  Do We Need a New Fundamental Geodetic Station in Antarctica? 
Oddgeir Kristiansen, Ludwig Combrinck, Halfdan P. Kierulf, Dan MacMillan, Toshimichi Otsubo, 
Per Erik Opseth, Leif M. Tangen 
 
The Norwegian Mapping Authority is currently modernizing the Geodetic Observatory at Ny-
Ålesund at 79° N to include a VLBI twin telescope, a next generation SLR telescope, several GNSS 
receivers, and a superconducting gravimeter. The requirement for a globally distributed network 
utilizing modern VLBI and SLR technology is crucial. Two geodetic VLBI sites are currently 
operating in Antarctica, a 9-m antenna at the German Antarctic receiving station O’Higgins at 
63°19'14.88"S, 57°54'3.05"W and an 11-m antenna at the Japanese Syowa station at 69°00'19"S, 
39°34'52"E. At Syowa there are plans to install an SLR system in the future. To ensure adequate 
network density and geometry we will consider a new installation of both VLBI and SLR at the 
Norwegian Troll base. Troll is located 235 km from the coast in Dronning Maud Land at 72° 01′ S, 
2° 32′ E, at a height of 1270 m above sea level on the Jutulsessen nunatak. Simulations show that the 
installation of the space geodetic techniques, VLBI and SLR, in the Antarctica will improve the 
Earth Orientation Parameters and the scale. In addition, one will expect improved orbits of polar 
orbiting satellites with SLR both in the Arctic (Ny-Ålesund) and in the Antarctica. We will propose 
an international cooperation to form an international consortium to facilitate the establishment of a 
space-geodetic observatory in the Antarctica. 
 
[S1 T05]  Extending the “Quasar” VLBI Network: VGOS-compatible Radio Telescope in 
Svetloe 
Evgeny Nosov, Dmitry Ivanov, Alexander Ipatov, Dmitriy Marshalov, Ismail Rakhimov, Vyacheslav 
Mardyshkin, Alexander Vytnov, Alexander Salnikov, Andrey Mikhailov 
 
IAA RAS is now finishing construction of a new radio telescope in Svetloe. The new 13.2-m antenna 
will extend the facilities of “Quasar” VLBI-network up to 6 radio telescopes, 3 of which are VGOS-
compatible. The radio telescope under construction will have advanced equipment compared to 
Badary and Zelenchukskaya stations. In addition to Tri-band receiving system the antenna can be 
equipped with wideband receivers developed in IAA RAS. New Multifunctional Digital Backend 
provides extended bandwidth, sub-channelization and other features. Performance of the 
synchronization and the recording systems are also enhanced. The new radio telescope will be fully 
compatible with other VGOS stations worldwide. The equipment of Badary and Zelenchukskaya 
stations will be unified with Svetloe in a while. The talk is focused on that new equipment being 
developed. 
 
[S1 T06]  Status of the Onsala Twin Telescopes 
Rüdiger Haas, Simon Casey, Gunnar Elgered, Roger Hammargren, Leif Helldner, Thomas Hobiger, 
Karl-Åke Johansson, Ulf Kylenfall, Mikael Lerner, Lars Pettersson, Miroslav Pantaleev, Lars 
Wennerbäck 
 
We present the status of the Onsala twin telescopes (OTT), two identical VGOS-type telescopes, 
named ONSA13NE and ONSA13SW in IVS terminology. They are equipped with 13.2 m diameter 
main reflectors and ring-focus subreflectors. They are located at a distance of 70 m. The telescopes 
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were built during 2015–2017 and inaugurated in connection to the EVGA meeting in May 2017. 
There are two slightly different receiver systems on the telescopes. ONSA13NE hosts a receiver with 
a QRFH-feed covering 3–18 GHz, while ONSA13SW is equipped with an Eleven-feed covering 
2.2–14 GHz. Both feeds are dual-linear polarized. The two receiver systems are cryogenically cooled 
and are connected to one phase and cable delay measurement system (CDMS) each. The two CDMS 
were purchased from the MIT Haystack Observatory. The H-maser for the time and frequency 
distribution is located in the maser room at about 1 km cable distance from the telescopes. Each 
system has a digital backend of type DBBC3 with 8 Core3H boards, which are located in the 
backend room within about 15 m distance from the maser room. The signal chain for both the CDMS 
systems and the received signals from the telescopes to the backend room uses optical fibers that are 
insulated against temperature variations. The two DBBC3s are connected to a FlexBuff recorder that 
currently has a capacity of 360 TB and a 10 Gbps connection to the Swedish fiber backbone. Both 
telescope towers, as well as the elevation and azimuth cabins, are equipped with numerous 
temperature and humidity sensors to monitor environmental changes. We started to participate in 
VGOS test experiments with the two telescopes in the autumn of 2017. These were primarily 
performed with the current “Haystack VGOS setup”, i.e. 8 frequency bands of 32 MHz bandwidth 
each for four RF-bands and two polarizations, e.g. 64 frequency bands in total. First fringes in some 
of the frequency bands were found with ONSA13NE for session VT7268 on 25/26 September 2017. 
A couple of days later, first fringes in some RF-bands for ONSA13SW were found in session 
MC7278 on 5/6 October 2017. Based on the experience gained the systems were improved and for 
VT7317 on 13/14 November 2017, fringes in all bands and all polarizations were found for 
ONSA13NE. A comparable performance was achieved for ONSA13SW in VT8039 observed 8/9 
February 2018. Since the DBBC3 backends can be configured flexibly in various different modes, 
we also started to carry out test observations together with the Kashima 34 m telescope using the 
“Japanese VGOS setup”, i.e., observing and recording 1 GHz windows. The first session, OK8051, 
was performed on 20 February 2018 using one 1 GHz wide band in two polarizations and fringes 
were found. During the coming months we will continue the fine-tuning of the VGOS systems to 
improve the performance. We want to participate in all possible VGOS sessions using all possible 
VGOS configurations. Our goal for 2018 is to gradually improve the system performance as well as 
reliability in order to become fully operational in 2019. 
 
[S1 T07]  New NASA SGP VGOS Station at McDonald Observatory 
James Long, Darryl Lakins, Lawrence Hilliard, Jan McGarry, David Stowers, Ed Himwich 
 
This presentation provides a description and status report of the new NASA Space Geodesy Core 
Site at McDonald Observatory in Texas with a focus on the VGOS station. It also includes plans for 
the NASA SGSLR and GNSS techniques. 
 
[S1 T08]  News about the Evolution of Tahiti’s Geodetic Observatory 
Richard Biancale, Jean-Pierre Barriot 
 
Several plans exist around the planet to extend precise VLBI observations within the VGOS 
network. One of them concerns the creation of a new geodetic observatory in Tahiti. The actual 
“Observatoire Géodésique de Tahiti” (OGT) which concentrates presently a NASA’s MOBLAS 
station with other radio-systems (GNSS, DORIS) is no more convenient for implementing a VLBI a 
station such as from the NASA’s Space Geodesy Project foreseen in CNES-NASA cooperation. That 
is why CNES prospected since 2012 for a new adequate site on the island. After several tests of 
compatibility performed in a CNES-NASA-ESA-IGN agreement, the Tahiti Nui Telecom site in the 
north of the Tahiti island has been declared appropriate in terms of space, facilities, radio-
environment. So far the project is well advanced, but still waiting for financial decision. The purpose 
of the talk is to review the progress of the project and to discuss the expectations of achievement. 
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[S1 T09]  Progress and Current Status of the VGOS Project at the Metsähovi Geodetic 
Research Station 
Nataliya Zubko, Jyri Näränen, Guifré Molera Calvés, Markku Poutanen 
 
The 3-year project on building a VGOS radio telescope system at the Metsähovi Geodetic Research 
Station, Finland, is progressing as planned. The manufacturing of the telescope is completed by MT 
Mechatronics GmbH and it will be delivered to Metsähovi in June 2018. Telescope assembly and 
installation is planned for the summer 2018. The installation site has already been prepared for the 
telescope arrival. The telescope foundation and telescope assembling platform was built in 2017. The 
anchor ring, to which the telescope steel pedestal will be attached, has been installed into the 
foundation. The electrical preparation work will be performed in March-April 2018. The 
construction of the signal chain components is also moving forward. The installation and integration 
of the signal chain components is scheduled for the autumn 2018. It is expected to have first 
observational tests in the beginning of 2019. In this presentation we give the latest project status and 
describe the next steps for the Metsähovi VGOS system. 
 
[S1 T10]  VGOS Wideband Reception and Emerging Competitor Occupations of VLBI 
Spectrum 
Vincenza Tornatore, Hayo Hase 
 
The VGOS wideband receivers cover a spectrum from 2 to 14 GHz which coincides well with the 
transparency of our atmosphere for radio waves from the universe. These receivers allow to observe 
quasars in sub-bands of i.e. four 1GHz wide spectra, which can be allocated where detrimental radio 
frequency interference is absent. The increasing demand of commercial users of radio spectrum 
could threaten the VGOS observation plans. This contribution introduces some of the upcoming 
services to look for an orientation on where to set future VLBI spectra. These new services will have 
an impact on where we can observe free of RFI in the future, unless a good protection for VGOS 
sites will be authorized. National spectrum authorities cannot protect the entire VGOS wideband 
range, but are fundamental in setting up protection zones around radio telescope sites. Protection 
zones can be determined by compatibility studies of existing or future services. Therefore spectrum 
management is becoming an issue for each VGOS site. Negotiation processes in radio spectrum at 
global level play also an important role, they are carried out within International Telecommunication 
Union (ITU) of the United Nations covering the whole Earth by three regional expert committees: 
CRAF (ITU-R1), CORF (ITU-R2), RAFCAP (ITU-R3). The role played by these committees on 
frequencies allocations will be briefly presented, furthermore main agenda items for World Radio 
communication conferences (WRC-19 and WRC-23) of interest for VGOS will be discussed. 
 
[S1 T11]  RFI Impact on Cryogenic Low Noise Wideband Amplifiers: Degradation, Mitigation 
and Avoidance 
Steve Rawson 
 
The introduction of wideband receivers for VGOS has many advantages, but also some drawbacks 
most notably the susceptibility to interference from radio frequency transmissions from terrestrial, 
aircraft and satellite sources. The presentation will focus on the impact of RFI on the low noise 
amplifiers in cryogenic front ends for VLBI applications. Various scenarios will be considered as 
potential interfaces sources and theoretical analysis is used to predict interference signal levels in the 
various stages of the receiver. The degradation due to amplifier saturation will be examined. The 
possible methods of implementation of protection or mitigation against high level RFI will be 
examined and the practicalities discussed. 
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[S1 T12]  Design Trade-offs in Feed Systems for Ultra-wideband VLBI Observations 
Jonas Flygare, Miroslav Pantaleev, John Conway, Michael Lindqvist, Rüdiger Haas 
 
With the rapid technological advancement in ultra-wideband feed systems and low-noise amplifiers, 
the design trade-off considerations for future receiver system and telescope designs are important. 
Multiple design parameters need to be taken into account for optimal sensitivity of the future 
astronomical and geodetic observational systems. The geodetic VLBI network covers frequencies 
over 2–18 GHz with receiver bandwidth ratios typically over 6:1. The research project BRAND 
within the EU horizon 2020 RadioNet activity is aiming to cover a decade in frequency over 1.5– 
15.5 GHz with a single-pixel feed system for continuous observations within the European VLBI 
Network (EVN). The benefit of this wideband feed system is that continuous observational 
bandwidth will be available, but at the expense of reduction in observational sensitivity (SEFD). 
With an increasing RFI pollution at L- and S-band frequencies and the probable release of more 
frequencies for the 5G telecommunication system, the wideband systems of future telescopes should 
follow this development closely. In this paper we present an overview of the trade-offs for wideband 
systems between SEFD, bandwidth and telescope reflector optics configuration and design. Current 
available state of the art low-noise amplifier data are assumed for the baseline receiver noise 
temperatures estimate. The results of this work give implications for future VLBI stations and 
telescope design in general - how to design and plan the systems for maximum observational benefit. 
 
[S1 T13]  New Observing Modes for the DBBC3 
Gino Tuccari, Walter Alef, Sven Dornbusch, Rüdiger Haas, Karl-Åke Johansson, Helge Rottmann, 
Alan Roy, Michael Wunderlich 
 
The DBBC3 is further enhanced by the introduction of new modes. Three different firmwares for 
observing have been implemented now: Direct Sampling Conversion (DSC), arbitrary selection of 
bands (OCT), Digital Down Conversion (DDC). These modes cover all the requirements of 
astronomical, VGOS and legacy geodetic VLBI of the present, but also of the near future. In addition 
the DBBC3 offers unsurpassed compatibility to the relatively large number of other existing VLBI 
backends. A number of test observation have been conducted in the last months to achieve the best 
performance for the VGOS modes, and a similar test is planned for the EVN network. At the same 
time the DBBC3 is an important platform for additional new modes to be implemented for the 
BRAND receiver. A number of DBBC3 systems has been deployed and more are currently under 
construction, with a number of 4GHz bands ranging from 2 up to 8 with resulting output data-rates 
from 32 Gbps to 128 Gbps. 
 
[S1 T14]  VGOS Digital Signal Chain Evaluation: RDBE-G / Mark 6 at 8 Gbps versus 16 Gbps 
Chet Ruszczyk 
 
The sensitivity of an interferometer is (inversely) proportional to the (square root) of the observing 
bandwidth, among other parameters. The observing band of the current VGOS model only covers a 
quarter of the 32-MHz channels that are available within each of the four 1024-MHz bands. The 
restricted VGOS bandwidth stems from an early operational compromise of the analog-to-digital 
converter utilized that covered only 512 MHz, and to a balance of data volume against other factors 
such as storage requirements, shipping costs, and end-to-end data processing turn around. In this 
presentation, we will explore a mode of the FPGA personality that utilizes all of the channels of the 
RDBE-G 512-MHz band. We will compare results from 16 Gbps sampling enabled by this mode 
with 8 Gbps sampling, which is the existing mode of VGOS observations. The expected 1.4-factor 
increase in signal-to-noise could be balanced by a factor of 2 decrease in on-source time, which 
should translate into a larger number of radio sources that can be observed and, ultimately, improved 
atmospheric parameter estimates and overall VGOS accuracy. We will test the two bandwidth modes 
using the existing VGOS signal chains at the Westford–GGAO VGOS baseline prototype. The test 
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paves the way for the full 1-GHz bandwidth of the forthcoming R2DBEs, which will sustain 16-
Gbps sampling, and possibly 32 Gbps. 
 
[S1 P01]  HartRAO’s New VGOS Radio Telescope 
Philip Mey, Roelf Botha 
 
The construction process is a process which never goes exactly according to plan and where each day 
brings new, sometimes unexpected, challenges. Concrete curing times and logistics are but some of 
the challenges to address. Our new VGOS radio telescope at the Hartebeesthoek Radio Astronomy 
Observatory in South Africa has now been fully assembled and we were able to start the 
commissioning tests in November 2017. There is a lot of work that went into the project to arrive at 
this point, but there is also still a lot to be done and important decisions to be made. The next stage 
for us will be to start equipping the VGOS dish with the necessary receiver and backend instruments 
and also to improve/expand on our other geodetic instruments. 
 
[S1 P02]  Extension and Optimization of the Local Geodetic Network at Onsala Space Observ-
atory 
Cornelia Eschelbach, Michael Lösler, Rüdiger Haas, Henrik Fath 
 
In May 2017, the Onsala Space Observatory (OSO) inaugurated the Onsala Twin Telescopes (OTT). 
Both VLBI radio telescopes are identical in design and construction and fulfil the VGOS-
specifications. For combining VLBI results of the OTT with other geodetic space technics, i.e. for 
deriving the local tie vectors, as well as for monitoring the temporal and spatial stability of the new 
radio telescopes, the local geodetic ground network must be extended. The obtainable accuracy for 
e.g. the reference points depends on the network configuration and the measurement uncertainties of 
the observations. The natural environment and especially the moving terrain limit the selection of 
locations for markers or pillars and their metrological connections. Network optimization procedures 
help to avoid misconfigurations and provide suitable network configurations. The optimal selection 
of locations and the optimization of the required observation weights are known as first order design 
(FOD) and second order design (SOD), respectively. Whereas—in most cases—the FOD cannot be 
solved by analytical or numerical methods, the required weights of the SOD are estimable. For OSO, 
an extended ground network and an optimal observation schedule are derived that fulfil the accuracy 
requirements for monitoring processes. The observation schedule focuses on practical experience 
when using modern geodetic instruments. 
 
[S1 P03]  Initial Results from the MIKES-Metsähovi Time and Frequency Link for the VGOS 
Radio Telescope 
Guifré Molera Calvés, Jyri Näränen, Thomas Fordell, Anders Wallin 
 
Correlation of data obtained by Very Long Baseline Interferometry (VLBI) radio telescopes located 
around the globe relies on very precise information of the arrival time of the radio signals. VLBI 
stations use local hydrogen masers as reference. We are developing a 'remote maser' concept for 
VLBI that synchronizes participant stations to the same reference clock via optical fibers [1]. We 
report on the first results from a 50 km optical fiber time and frequency link between the National 
Metrology Institute VTT MIKES and the Metsähovi Geodetic Research Station via the Metsähovi 
Radio Observatory. Initial experiments used the White Rabbit (WR) extensions to the Precision Time 
Protocol (PTP). The round-trip-time of the optical link as reported by the PTP-WR hardware was 
monitored over a period of 8 months. The first estimations indicate that asymmetry of the link 
contributes less than 500 ps to the uncertainty of time-transfer. The initial standard configuration was 
recently upgraded with the Low Jitter Daughterboard (LJD) modification to the WR-Switch (WRS) 
[2]. Results show that random errors were reduced to the 1e-12 level at 1s (0.5 Hz BW), below the 
resolution of typical time-interval/frequency counters, and sufficient for all but the most demanding 
applications. A future challenge for PTP-WR is to reduce random errors to the 1e-13 level - that of 
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active H-masers used worldwide for continuous timekeeping [3]. Laboratory test on a simple RF 
frequency transfer scheme using 40 km of spooled fiber are also ongoing. Initial results indicate a 
performance level at approximately 3e-14 at 1s, well below that of masers. In the near future, this 
setup will be rigorously tested on the MIKES-Metsähovi link. Finally, the fiber-optic link also opens 
up the possibility for transferring the 1348-nm optical frequency from the MIKES Sr+ single-ion 
optical clock to Metsähovi. The rather short distance means that the O-band signal from the clock 
laser can be sent directly without wavelength conversion to the C band were losses are smaller. 
Frequency down-conversion to RF using a frequency comb would yield ultra-low phase noise RF 
signals for VLBI at Metsähovi. The definitive goal is that this time transfer project will support the 
geodetic measurements at Metsähovi. The new link, together with the atomic clocks of the 
Metsähovi Radio Observatory, also improves the time and frequency precision for all the 
instrumentation at the station. Finally, the link opens as well new opportunities for connecting the 
UTC(MIKE) atomic time scale to other international geodetic observation networks. 
 
[S1 P04]  Ultra-wideband Feed Systems for the EVN and SKA – Evaluated for VGOS 
Jonas Flygare, Miroslav Pantaleev, John Conway, Michael Lindqvist, Leif Helldner, Magnus 
Dahlgren, Rüdiger Haas, Peter Forkman 
 
The design of the Square Kilometre Array (SKA) project for radio astronomy is now materializing at 
a rapid speed; the EU-funded RadioNet project BRAND for EVN has the ambition to deliver a 
decade bandwidth receiver applicable for all participating EVN stations. The ultra-wideband quad-
ridge flared horn (QRFH) feed systems developed for these projects show direct and interesting 
applicability within the geodetic VLBI Global Observing System (VGOS) frame due to the 
overlapping frequency bands and reflector geometries. In this paper we evaluate the estimated 
performance of the two feed systems in a VGOS reflector and compare the sensitivities in terms of 
system equivalent flux density (SEFD) and antenna noise temperature with the existing systems 
installed in the 13.2 m diameter Onsala twin telescopes (OTT). The main frequency bands analyzed 
cover 1.5 – 15.5 GHz and 4.6 – 24 GHz, where the latter excludes the RFI polluted 2 – 4 GHz band 
due to the lower cut-off property of the waveguide-based QRFH. At the high-frequency band, the 
water vapor absorption line at 22.2 GHz is included, which can be used for continuous observation of 
the vapor content in the direction of observation. We discuss this application theoretically in terms of 
introducing separate channels within the frequency range to estimate the usability of such a system in 
observation. Both systems show SEFD better than 1000 Jy over large parts of respective frequency 
band – comparable to current feed systems of the OTT. The analysis is performed using measured 
beam patterns and receiver noise for the SKA feed system and simulated beam patterns of the 
BRAND feed system which is currently being manufactured. 
 
[S1 P05]  BRAND EVN: Development Status 
Gino Tuccari, Walter Alef, Miroslav Pantaleev, Jonas Flygare, Jose A. López Pérez, Félix Tercero, 
Gijs Schonderbeek, Vladislavs Bezrukovs 
 
We will report on the development of the BRAND (BRoad bAND EVN) receiver. The aim of the 
project is to build a very wide receiver prototype for primary focus with a frequency range from 1.5 
GHz to 15.5 GHz. In addition we will investigate solutions for secondary focus telescopes. The 
project has received funding from the European Union’s Horizon 2020 research and innovation 
programme under grant agreement No 730562 [RadioNet]. We present the status of the project 
which was started on January 1st, 2017 and is progressing smoothly. 
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Session	2:	 VGOS	Technique	and	Observations	
 
[S2 T01]  Development of Wide Bandwidth VLBI in Kashima 
Kazuhiro Takefuji, Hideki Ujihara, Tetsuro Kondo, Mamoru Sekido, Tsutsumi Masanori, Eiji Kawai, 
Miyauchi Yuka, Shingo Hasegawa 
 
We have been developing the wide bandwidth VLBI system for the Time and Frequency (T&F) 
comparison. The two compact 2.4-meter antenna systems have been installed and tested at 
headquarter of NICT in Koganei, Tokyo and at National Metrology Institute of Japan (NMIJ) in 
Tsukuba, Ibaraki until 2017. The two compact VLBI stations were indirectly connected via joint 
VLBI observation with Kashima 34-meter antenna. In 2018, under collaboration with Italian 
National Research Institute of Metrology (INRiM) and Medicina VLBI station of INAF, we decided 
to export the compact antenna system to Medicina for the T&F comparison via VLBI observation 
between NICT Japan and INRiM in Italy. The disadvantage of lower sensitivity of the compact 
antenna is compensated by higher data acquisition rate, wide frequency range of the observation, and 
joint observation with high sensitivity antenna. We have developed broad band feed and direct 
sampling system, and we enabled using frequency range of from 3.2 to 14.4 GHz for VLBI 
observation. However, the wide frequency range receiver is vulnerable to be saturated by radio 
frequency interference (RFI) from cellular phone base station, radar systems, and downlink signals 
from earth orbiting satellite systems. Thus, high dynamic range and robust system has been required. 
Especially, the compact antenna located in Koganei of Tokyo must be the worst RFI environment in 
the world. Then we adopted the system to the environment by several counter measures such as 
installation of the feed with sharp cut-off frequency, the analog filter bank system, and filtering after 
the software correlation to reduce strong RFI. Data acquisition mode of our system is recording 4 
bands of 1024 MHz width by 1-bit quantization for each polarization. After correlation processing of 
each bands, the signal of whole bandwidth is synthesized to form a high precision delay resolution 
function. Even with the few meter diameter antenna, we could obtain picosecond precision delay 
measurement thanks to one order broader effective bandwidth and joint observation with higher 
sensitivity VGOS station. Functions of our wide bandwidth synthesis software includes estimation of 
dispersive delay due to the ionosphere. Since this effect is significant on intercontinental baselines, 
we are going to examine this algorithm on Kashima-Hobart baseline. Additionally, source structure 
and polarization conversion are subjects to be investigated. We will report the progress on these 
topics. 
 
[S2 T02]  Current Status of VGOS Observations with Ishioka VLBI Station 
Takahiro Wakasugi, Shinobu Kurihara, Masafumi Ishigaki, Michiko Umei, Midori Fujiwara, 
Masayoshi Ishimoto, Basara Miyahara 
 
The Geospatial Information Authority of Japan (GSI) constructed a new VLBI facility at Ishioka in 
2014 which meets the VGOS requirements. After taking over the role of Tsukuba 32-m antenna, the 
Ishioka VLBI station has been regularly involved in international VLBI observation sessions with 
S/X bands as one of the most important stations of IVS, and is in preparation for regular VGOS 
operation. From November through December 2017, IVS performed the Continuous VLBI 
Campaign 2017 (CONT17) which includes not only 15-day conventional S/X-band observation 
sessions but also 5-day continuous broadband observation sessions compatible with VGOS 
frequency setup for the first time. Ishioka was involved in the preceding VGOS Trials and CONT17 
with other five VGOS stations as the only station with VGOS setup in the Asia-Oceania. This talk 
will summarize the current status of broadband observation at Ishioka. In addition, we will also 
mention a pilot study of the correlation of broadband data with K5 software correlator. 
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[S2 T03]  Current Results of the VERA K/Q-bands Fringe Survey: Performance of the 8-Gbps 
Recording System and its Effectiveness 
Takaaki Jike, Tomoaki Oyama, Takumi Nagayama, Aya Yamauchi 
 
VERA started K/Q-band continuous sources fringe survey using 8G-bps recording system in January 
2016. The purposes of this experiment are establishment of the analysis procedure of broadband 
VLBI data, increasing the observable radio sources for VERA, improvement in ability as the VERA 
reference radio sources, investigating the detection sensitivity of a short-time change, development to 
geodetic analysis, and trial for the improvement in accuracy of geodetic solutions and clarification of 
the error sources. Radio sources for observation are selected from VLBA calibrator catalogue 
170107-vlbaCalib. 5196 radio sources which are distribute in the range of -45 to 90 degrees by 
celestial declination are observed candidates. The integration time per one scan is unified into 128 
seconds. When the signal to noise ratio of fringe peak amplitude is seven or more, it is considered 
that the fringe was detected certainly. The frequency fluctuation by atmospheric refraction and the 
instability of phase lock oscillator is corrected by the smoothing method which used LPF, to inhibit 
decreasing of the correlation coefficient during the integration period. By December 2017, 2755 
sources in K-band and 2320 sources in Q-band were observed. The number of radio sources which is 
fringe detected are 2199 in K-band and 1337 in Q-band. And, in the distribution of delay residual 
obtained from geodetic observation, elevation dependence was confirmed clearly. As for this, we 
guessed that one of the main causes of this dependency is systematic error of atmospheric delay. 
 
[S2 T04]  New Scheduling Tool in VieVS 
Matthias Schartner, Johannes Böhm 
 
In geodesy, most of the VLBI sessions are scheduled with SKED as developed by NASA/GSFC. In 
Vienna, we have developed our own scheduling tool as part of the Vienna VLBI and Satellite 
Software (VieVS) which we successfully applied for scheduling various sessions. Based on that 
experience, we have started to develop a new scheduling tool in VieVS in C++ with the main goal to 
have a modern program, which creates optimized schedules while being easy to use and flexible to 
extend. Some of the new features are especially interesting for the upcoming VGOS and mixed 
legacy/VGOS networks like improved tag-along and fill-in mode algorithms, which can reduce the 
idle time significantly. Currently, VLBI telescopes are very different in size and slew rate. Thus, 
different scheduling parameters should be used for different networks and antennas to achieve the 
best possible output. However, creating an optimized schedule can be tricky because there are dozens 
of parameters which can be varied, and the effect on the geodetic parameters is not always clear. 
Therefore, the software provides the possibility to not only create one schedule with one set of 
parameters, but to test hundreds of different parameters and to create hundreds of schedules 
automatically. These schedules are then compared against each other or can be used for further 
Monte Carlo simulations. To improve the efficiency we provide multicore support for this feature 
using OpenMP. Besides writing SKD files, we can also generate VEX files directly instead of 
translating a SKD file to VEX. 
 
[S2 T05]  The “Smart Observatory” for Autonomous and Remote Observations 
Alexander Neidhardt, Arpad Szomoru, Johann Bachem, Matthias Schönberger, Katharina 
Kirschbauer, Johann Eckl 
 
“Internet-of-the-things”, “industry 4.0”, and “smart factory” are key words of new, technical 
revolutions in industry. Over the past years, similar techniques have also been developed for geodetic 
observatories at different places, using available micro-controller boards and software solutions for 
monitoring and control of telescopes. Transferring these techniques into a concept of a “smart 
observatory”, autonomous and self-organizing operations become possible. Therefore, Wettzell’s 
engineers started to implement and integrate such techniques into their systems at the Wettzell 
observatory. A key technology is the monitoring part. Developments for this globally available state 
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information are funded with the JUMPING JIVE project in the Horizon 2020 Framework Program of 
the EU. Another key feature is the autonomous, state-driven processing of schedules from 
autonomous fetching and preparation of schedules, the operation of observations and the finalization 
and transfer of the data. A third essential aspect is the safety and security aspect to protect humans 
and the technique itself from harmful situations. The talk describes the ideas and current 
implementation status at Wettzell. 
 
[S2 T06]  An Early Exploration of VGOS Data, Precision, and Accuracy 
Pedro Elósegui 
 
The VGOS prototype model has been realized in the baseline between Westford and GGAO. That 
baseline length is now measured with promising precision. The VGOS network is steadily growing 
from this two-station, short-baseline prototype to a half-dozen-stations forming planetary-scale 
baselines. The next few years will see the deployment and consolidation of a full-blown, global 
VGOS network. It will take a significant effort to coordinate the entire VLBI community to generate 
and assimilate the exponentially growing amount of VGOS data that are to come. More broadband 
data will mean smaller statistical errors and, hopefully and concomitantly, products of higher 
precision. However, the ultimate goal is high accuracy (e.g., that famous 1 mm position error). But 
accuracy is always hard to assess, and unknown biases may always remain. We will present an 
exploration of VGOS data, precision, and accuracy from the (likely biased) viewpoint of an early 
VGOS exposure and experience. 
 
[S2 P01]  Broadband VLBI Experiment on the Onsala – Kashima Baseline 
Gino Tuccari, Karl-Åke Johansson, Kazuhiro Takefuji, Mamoru Sekido, Rüdiger Haas, Simon 
Casey, Sven Dornbusch 
 
We have conducted a joint observation between the Kashima 34-m and one of the Onsala 13.2-m 
twin telescopes (ONSA13NE). We used the Japanese data acquisition system (DAS) K6/GALAS at 
Kashima and the DBBC3 operating in OCT-mode at Onsala. We tested sampling a 1 GHz wide 
channel using these two heterogeneous DAS, as an alternative to other VGOS-type observations 
using a multitude of 32 MHz wide frequency channels. The first broadband VLBI experiment on the 
Onsala–Kashima baseline was conducted on 20th Feb. 2018 by observing 3C84 at 9.5 GHz band 
with 1 GHz bandwidth. The DAS mode was 2048 MHz sampling with 2-bit quantization, single 
band dual linear polarization at both stations. Eventually, interferometric fringes were successfully 
detected in this first experiment. One of the advantages of this broad-channel DAS mode is the 
simplicity of the system due to the smaller number of channels to be dealt with. Further test 
experiment with 4 bands of 1 GHz widths are planned. Several interesting engineering research 
subjects will be examined, if 4 bands of signal spreading in 3–14 GHz frequency range are captured 
for VLBI observation. These are 1) the accurate estimation of the ionospheric electron column 
density from phase curvature in the correlation phase, 2) the examining of polarization conversion in 
cross correlation and bandwidth synthesis, 3) radio source structure effects in precise group delay 
derived from a broad frequency range. This paper will present initial progress and results on some of 
these research subjects tackled with this baseline. 
 
[S2 P02]  Investigating Quasar Structure in VGOS with Simulations and Observations 
Simin Salarpour, Lucia McCallum, Stanislav Shabala, Jamie McCallum 
 
Quasar structure is well known to be an important bottleneck in accurate CRF and TRF 
determination, and numerous efforts to address this have been made. An additional complication is 
that the structure of quasars can and often does evolve with time. Furthermore, the variability and 
structure of flat-spectrum radio-loud quasars used in geodetic VLBI is highly frequency dependent. 
This poses a challenge for next-generation (VGOS) systems currently being built around the world, 
which aim to observe over a wide range of 2–14 GHz. The structure effects for the same quasar will 
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be very different at different frequencies in this range. On the other hand, we understand the 
astrophysics of quasars well. We use the source structure module of VieVS (Shabala et al., 2015) and 
extend it to quantify the effects of the changing quasar structure in VGOS observations. We will 
outline one approach of modelling frequency-dependent quasar structure, based on Niell (2006), and 
calculating the effects of source structure as a function of frequency and time on different baselines. 
Of particular interest is the accuracy to which source structure needs to be known, and hence the 
cadence of imaging observations needed to meaningfully correct for the source structure effects. We 
plan to test our models by observing with the AuScope VLBI array a sample of quasars with known 
structure. 
 
[S2 P03]  Communication, Coordination, and Automation for Future Geodetic Infrastructures 
Alexander Neidhardt 
 
In the second half of 2017, a Springer book was published explaining ideas, implementations, and 
solutions for future geodetic infrastructures. It explains seven years of technical research in computer 
science applied to systems of space geodetic techniques. The main focus is laid on stable and safe 
scientific software, an extended common software toolbox, autonomous production cells, and remote 
access and monitoring. The book addresses students as well as engineers at the observatories. These 
stations are seen as multi-agent systems which operate worldwide and are centrally coordinated to 
offer their geodetic products of the Global Geodetic Observing System (GGOS). 
 
[S2 P04]  A New Generation of Wettzell’s Remote Access to the NASA Field System using 
Web-based Techniques 
Alexander Neidhardt 
 
The origin of the remote control software e-RemoteCtrl for VLBI antennas was in the year 2008. 
After 10 years, it is still the only software to operate the NASA Field System from remote 
implementing secure and save techniques. The software is still in use, but there were almost no 
updates anymore over the past years. Although there is still an ongoing development, especially the 
upgrade of the graphical systems of the client software is a long and difficult process. To support the 
requirements of smart observations at Wettzell reducing the required manpower for operator tasks, 
the e-RemoteCtrl server was extended with an own web server to enable a web-based access using 
just a simple web browsers. It is not yet a complete replacement of the classic e-RemoteCtrl client, 
but it is a first step to convert a VLBI antenna to a web-enabled device. The poster describes the 
ideas and the current implementation status. 
 
[S2 P05]  The VGOS Data Pipeline: Correlation to Database Generation 
John Barrett, Mike Titus, Arthur Niell, Chet Ruszczyk, Pedro Elósegui 
 
The NASA VGOS network is composed of fast, small diameter (12m) antennas, each equipped with 
broadband dual-linear polarization feeds and signal chains which currently cover four 512MHz 
bands between 2.3-10.5GHz. Following data acquisition, each of the polarization products 
(HH,VV,HV,VH) are correlated for all four bands. Fringe fitting all four bands of a specific 
polarization product together requires an understanding of each station's ambiguity-resolved multi-
tone phase-cal delays and proper adjustment of the correlator clock model. After correlation, but 
before the final geodetic delay observable can be extracted from fringe-fitting, the four polarization 
product visibilities must be coherently summed to produce the pseudo Stokes-I visibilities, which are 
independent of the baseline parallactic angle difference. However, because of differences in the 
signal path for each polarization and frequency band, there remain phase and delay offsets that are 
not removed by the multi-tone phase-calibration system. To compensate for these offsets, post-
correlation calibration adjustments are required. The first step is to estimate the residual phase offsets 
of every channel at each station with respect to one polarization of a chosen reference station. This is 
necessary because non-linear phase structure in a station bandpass can cause the dTEC solutions 
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associated with the fringe fit of each polarization product to be misestimated. Errors in dTEC 
estimation can severely degrade coherence between polarization products and has a direct and 
deleterious effect on the multi-band delay error. Once the channel-by-channel phase offsets have 
been adjusted, the second step is to maximize the overall signal-to-noise ratio of the pseudo Stokes-I 
visibilities. This is done by compensating for the uncorrected phase and delay offsets between the 
horizontal and vertical polarization signal paths at each station. These offsets are determined for each 
station by requiring phase and delay closure over the polarization products and averaging over 
several scans and baselines. Once these two calibration steps are complete, a final fringe fit of the 
calibrated pseudo Stokes-I visibilities can be done to obtain the multi-band delay observable. Some 
results of this calibration procedure on VGOS test session data will be presented. 
 
 
Session	3:	 Legacy	S/X	and	Mixed	Legacy/VGOS	Operations	
 
[S3 T01]  Organizing the Continuous VLBI Campaign 2017 (CONT17) (invited) 
Dirk Behrend, Cynthia Thomas, John Gipson, Ed Himwich 
 
The Continuous VLBI Campaign 2017 (CONT17) was observed from November 28 to December 
12, 2017. Unlike the previous CONT campaigns organized under the auspices of the IVS, CONT17 
was not a single-network effort but it rather featured three independent observing networks. Two 
legacy S/X networks of nominally 14 stations each observed in parallel for the full 15 days of the 
campaign. This was made possible in large part by the participation of the ten-station VLBA network 
of the LBO. Furthermore, for the 5-day period from December 4–8, 2017 a six-station broadband 
network continuously recorded VGOS data. The different networks will allow to probe the accuracy 
of the VLBI estimates of the EOP and investigate possible network biases. In this presentation, we 
will describe the coordination effort undertaken to make CONT17 a successful endeavor. This 
includes the assignment of stations to the three networks based on EOP simulations, analysis of 
media, e-transfer, and correlation resources, as well as schedule writing, among other things. 
 
[S3 T02]  VGOS/Legacy Mixed-mode Observations: Status and Plans (invited) 
Arthur Niell, Mike Titus, John Barrett, Pedro Elósegui, Ganesh Rajagopalan, Chet Ruszczyk 
 
The VGOS network is expected to significantly improve the accuracy of both the Terrestrial and 
Celestial Reference Frames, but the full benefit will not be realized without incorporating the long 
history of legacy S/X observations by making simultaneous measurements with antennas of both 
systems (mixed-mode). The VGOS and legacy systems differ in two fundamental ways: polarization 
reception and frequency coverage. Both of these require special consideration for mixed-mode 
observing, correlating, and post-correlation processing. Observing: since the polarizations are fixed, 
the main consideration is selecting the positions of the VGOS frequency channels in order to be 
compatible with the legacy frequencies. Correlation: separate passes through the correlator are 
required for each of the legacy-legacy, VGOS-legacy, and VGOS-VGOS combinations, each having 
unique setup and control files. Among the differences are the assignment of channels and 
specification of phasecal tones to be deleted. Post-correlation: for the VGOS baselines an additional 
step is required to determine the delay and phase differences between the linear polarizations for the 
VGOS systems in order to coherently combine the two polarizations with the single circular 
polarization from the legacy antennas. Several mixed-mode sessions have been correlated and 
processed. These include two sessions in which one or two VGOS systems were tagged along to a 
legacy network, and four sessions using Kokee12m and Kokee20m (with Westford tagged along) to 
obtain the 12m-20m tie. Processing these data required extensive manual manipulation and re-
processing since they were the 'learning steps' for mixed-mode processing. In order to develop 
procedures for operational use with the current versions of correlator and post-correlation software, 
two or more VGOS systems will be added to several future RD sessions that are scheduled to be 
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correlated at Haystack, beginning in 2018 July. These procedures are expected to be available and 
documented by early 2019. 
 
[S3 T03]  Implementation and First Results of the Local Wettzell VLBI Correlator GOWL 
Apurva Phogat, Christian Plötz, Torben Schüler, Gerhard Kronschnabl, Alexander Neidhardt, 
Ulrich Schreiber, Jan Kodet, Walter Alef, Helge Rottmann, Laura La Porta, Simone Bernhart 
 
The Geodetic Observatory Wettzell (GOW), jointly operated by the Federal Agency for Cartography 
and Geodesy (BKG), Germany and the Technical University of Munich, Germany is equipped with 
three radio telescopes for Very Long Baseline Interferometry (VLBI). Extended local correlation 
capabilities, however, have been missing at the Observatory so far. A computing cluster forming the 
GO Wettzell Local Correlator (GOWL) was installed for in September 2017 as well as the 
Distributed FX (DiFX) software correlation package and the Haystack Observatory Post processing 
System (HOPS) for fringe fitting and post processing of the output. Data pre-processing including 
ambiguity resolution (if necessary) as well as the generation of the geodetic database and NGS card 
files is carried out with nuSolve, the final analysis is either carried out with our local processing 
software (LEVIKA short baseline analysis) or with the Vienna VLBI and Satellite (VieVS) software. 
The local correlator GOWL serves three main purposes: (a) It is primarily designed for relative 
positioning of the three Wettzell radio telescopes, i.e. to derive the local ties between the three 
telescopes from VLBI raw data in addition to the conventional terrestrial surveys carried out. (b) The 
local correlator closes the gap between the observation work and geodetic analysis. The closure of 
this missing piece in the measurement/analysis chain is important to provide timely quality feedback 
to the VLBI engineers regarding the status of their telescopes. (c) Finally, GOWL serves as a critical 
backup infrastructure. This means that it is not foreseen to carry out routine operational work, which 
resides with the Bonn Correlator operated at the Max-Planck-Institute for Radio astronomy, but is 
available in case of dedicated and special needs. We will present an overview of the correlation 
capabilities and results obtained so far. Regarding the local ties at Wettzell, we are studying the local 
baseline between RTW (20 m) and TTW1 (13.2 m) in detail, since 2016. These local sessions are 
usually scheduled with VieVS. Here we report the method and first results of local baseline 
estimated with VLBI and further compared with the local tie measurements. Moreover, we also 
present initial results from the AGGO radio telescope testing as well as from individually scheduled 
session including the O’Higgins VLBI telescope at Antarctica. Finally, we want to present different 
observing prospects and future plans. 
 
[S3 T04]  The Bonn Correlator: Status Report 
Laura La Porta, Helge Rottmann, Jan Wagner, Simone Bernhart, Walter Alef, Axel Nothnagel, 
Torben Schüler, Arno Müskens, Yuri Pidopryhora, Rebecca Azulay 
 

We will present the current and future activities of the Bonn VLBI correlator. We will focus on the 
aspects which are of interests for geodesy in view of VGOS. 
 
[S3 T05]  VLBI Correlation Activities at TU Wien 
Jakob Gruber, Johannes Böhm, Jamie McCallum 
 

Geodetic VLBI correlation is a new challenge in the current activities at the research area Higher 
Geodesy at Technische Universität Wien (TU Wien). We have implemented the Distributed FX 
(DiFX) software correlator and Haystack Observatory Postprocessing System (HOPS) on the Vienna 
Scientific Cluster 3 (VSC-3), which is a supercomputer located at TU Wien. We provide information 
about VLBI correlation-related activities in Vienna and we present the VSC-3 by showing some 
technical aspects of this high performance computer system. We present tools to directly access the 
correlation and fringe-fitting output database with the Vienna VLBI and Satellite Software (VieVS) 
using the vgosDB format and we will show post-correlation processing aspects in VieVS and results 
of currently correlated experiments. 
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[S3 T06]  Geodetic Capabilities at the JIVE SFXC Correlator 
Francisco Colomer, Mark Kettenis, Robert M. Campbell, Patrick Charlot, Arpad Szomoru 
 
As part of the EC H2020 JUMPING JIVE project (JJ WP6), we are implementing geodetic 
capabilities for the EVN SFXC correlator at JIVE. As a first step, the correlator will be made capable 
of processing complex geodetic-like schedules, with many subarrays. The next step will be to 
convert SFXC output into Mk4 format that includes the correlator model (“totals”) and measured 
phase-cal values. Tests are being performed at JIVE to process geodetic VLBI data, with the main 
goal of improving the accuracy with which EVN station positions are known (as well as any other 
which do not have S/X or VGOS receivers). 
 
[S3 T07]  USNO Correlator Status 2018 
Andy Sargent, David Hall, Phillip Haftings, Matt Hardin, Khalil Suliman 
 
We will showcase our efforts at the USNO Correlator including the transition from the hardware to 
the software correlator, the current correlator configuration, future upgrades, and MK6 contributions. 
 
[S3 T08]  An S/X-compatible VGOS System for the AuScope Array 
Jamie McCallum, Lucia McCallum 
 
The Australian AuScope array of 12-m telescopes is currently in the process of being upgraded to a 
VGOS-compatible system, with a wideband (2.3–13.5 GHz) feed installed on the Hobart12 telescope 
mid-2017. As S/X stations, the AuScope stations have been highly active in IVS S/X experiments 
and will remain so until the upgrade. While we look forward to joining the VGOS experiments, we 
wish to maintain our connection to the legacy S/X network and the dense timeline of data this 
represents. To ensure this, we have begun a series of experiments to determine a compatible mode of 
operation for the AuScope VGOS system. Early test observations have yielded dual-band, mixed-
polarization fringes. This talk will outline our methods and results to date. 
 
[S3 T09]  Half the Time: An Overview of the LBO–USNO Timeshare Agreement 
Megan Johnson, Alan Fey, Lucas Hunt, Nicole Geiger, Christopher Dieck, John Spitzak, Bryan 
Dorland 
 
We present an overview of the Long Baseline Observatory (LBO) – United States Naval Observatory 
(USNO) 50% timeshare agreement. The USNO has contributed 50% of the operations costs to the 
LBO in exchange for 50% of the time on the VLBA since January 2017. The USNO uses the 
majority of this time allotment for observations related to Celestial and Terrestrial Reference Frame 
work and Earth Orientation Parameters, including maintenance and improvements in preparation for 
the upcoming release of the ICRF3, source structure studies, and daily intensive and geodetic 
observations. In addition, USNO supports scientific research observations related to our mission 
objectives. Here, we present a summary of our supported projects on the VLBA and our thoughts and 
ideas for potential future applications of the VLBA. 
 
[S3 P01]  Testing the Impact of Different VLBI Network Geometry in the CONT Campaigns 
Santiago Belda, Maria Karbon, José M. Ferrándiz, Axel Nothnagel 
 
Properly designed and structured ground-based geodetic networks (VLBI, GNSS, DORIS, SLR) are 
currently needed to materialize the reference systems and to support sub-millimeter global change 
measurements over space, time, and evolving technologies. By the nature of the VLBI technique, the 
quality of the Earth rotation parameters (EOP) derived from the VLBI observations depends on the 
network geometry, that is, the number and location of the stations. On the other hand, accurate 
transformation between the celestial reference frames (CRF) and terrestrial reference frames (TRF) is 
needed for many purposes in Earth and space sciences. According to the Global Geodetic Observing 
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System (GGOS) recommendations, the accuracy of positions and the stability of reference frames 
should reach 1 mm and 0.1 mm/year, and EOP should be thus estimated with similar accuracy. In 
this paper we investigate the effects of different VLBI network geometries on the accuracy of the 
EOP and source positions estimated from different continuous VLBI campaigns (e.g. 
CONT14/CONT17). The consistency is empirically assessed among the IERS conventional 
reference frames and EOP by analyzing VLBI sessions with varied settings to reflect the impact of 
changing frames or other processing strategies on the EOP estimates. To sum up, this study tries to 
exploit the strengths of each sub-network and minimize the consistency degradation among EOPs, 
CRFs, and TRFs. 
 
[S3 P02]  Comparison of CONT17 Networks 
Younghee Kwak, Matthias Glomsda, Michael Gerstl, Detlef Angermann 
 
CONT17 is a special CONT session which has three independent networks: two legacy networks and 
one VGOS network to mainly check possible network biases. As all the networks are connected with 
common parameters, i.e., EOP and source coordinates, they are able to be merged into one common 
adjustment. In this presentation, we estimate basic parameters and validate their quality within single 
networks and compare the parameters between the networks to check the possible biases. 
Furthermore, we compare the results of single and integrated networks with respect to the terrestrial 
realization (e.g., daily Helmert transformation parameters), EOP and source coordinates. 
 
[S3 P03]  Current Activities and Plans of the AOV – Asia Oceania VLBI Group 
Lucia McCallum, Takahiro Wakasugi 
 
Founded in 2014, the Asia-Oceania VLBI group for Geodesy and Astrometry (AOV) has been active 
in fostering collaboration and pushing progress in our region. So far 18 AOV sessions have been 
scheduled, observed, correlated and analysed by AOV member institutions. Further 12 sessions will 
follow in 2018. Two AOV meetings have been held in the region and we have also undergone a 
successful re-election of the AOV representatives, the Chair and Secretary positions in 2017. In this 
contribution we report on the recent activities within the AOV, current topics and plans for the 
future. An overview of the AOV sessions is given, including a summary of the aims and results. A 
proof for the success of the AOV initiative are a number of small collaborations in correlation and 
VGOS testing. Details on these projects are provided. Overall, the aim of this poster is to inform the 
IVS community about our activities and invite interested colleagues to join the AOV in individual 
projects, observations and meetings. 
 
[S3 P04]  LEVIKA: Wettzell Relative Radio Telescope Positioning with a Tailor-made Analysis 
Software 
Torben Schüler, Christian Plötz, Apurva Phogat 
 
The Geodetic Observatory Wettzell features three radio telescopes dedicated to geodesy: The 20-m 
telescope “Wz” (internally called RTW - Ratioteleskop Wettzell) is in operation since 1984, the two 
13.2-m TWIN telescopes “Wn” (Wettzell North as called by the IVS Coordinating Center) and “Ws” 
(Wettzell South) are VGOS-capable and were inaugurated in 2013. “Wn” is currently equipped with 
a tri-band receiving system (S/X/Ka) and is regularly participating in routine IVS operations. “Ws” is 
equipped with a VGOS Elevenfeed and participates in the VGOS Pilot Test phase. Together, these 
three telescopes form a local triangle. The analysis software LEVIKA SBA (Short Baseline 
Analysis) was developed at the Observatory for local VLBI data adjustment. It serves the primary 
purpose to determine the relative positions of the three telescopes from original VLBI data, and to 
compare these results with the local tie vectors from the precision engineering network regularly 
surveyed at Wettzell. In addition, the software was developed as a part of the quality management 
initiative, in order to provide timely feedback to the engineers and operators regarding the health 
status of the overall system. Since telescopes with substantially different receiving systems are 
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present at Wettzell, mixed-mode observations and analysis are of importance. This contribution 
depicts the analysis software, its functional basics and presents selected analysis results. 
 
[S3 P05]  Local Radio Telescope Ties from the Wettzell Precision Engineering Surveying Net-
work 
Torben Schüler, Thomas Klügel, Swetlana Mähler, Christian Plötz 
 
The Geodetic Observatory Wettzell is a fundamental station of Geodesy, and a GGOS Core Site. 
This collocation site features all systems of the space geodetic techniques, i.e. three VLBI telescopes, 
two operational SLR telescopes, various GNSS receivers, a DORIS beacon and a ring laser gyro for 
instantaneous measurement of Earth rotation. The existence of a geodetic collocation site is justified 
by the need to synergistically combine the various techniques in order to derive all geodetic 
parameters of interest which are needed to realize the reference system. Although VLBI is the only 
technique capable to provide the full set of Earth orientation parameters, the determination of the 
geo-center (the origin of our coordinate system) is not possible at all, and SLR will be needed for this 
purpose. GNSS, in the end, provides an easy access to the terrestrial reference frame. These 
synergies can only be exploited for Geodesy if precise geometric links between the reference points 
of the various systems are known, the so-called “local ties”. At Wettzell, these vectors are derived 
from a local precision engineering surveying network that is covering the entire observatory yielding 
a point precision around 0.2 to 0.4 mm for the majority of the points. This contribution will outline 
the methodology to derive the local tie vectors and to transform them into the ECEF system, present 
the latest results and compare them with alternative methods like the direct local VLBI data analysis. 
 
[S3 P06]  BKG CVC: The Central VLBI Observation Coordination Facility of the Federal 
Agency for Cartography and Geodesy at the Geodetic Observatory Wettzell 
Torben Schüler, Christian Plötz, Apurva Phogat 
 
The Federal Agency for Cartography and Geodesy (BKG) is operating three radio telescopes at 
Wettzell, one telescope at the Argentinean-German-Geodetic Observatory (AGGO) together with 
Argentinean partners from the research organization CONICET, and one telescope at O’Higgins, 
Antarctica (BKG holds a share of 20% for geodetic VLBI, primary operation by the German DLR 
for satellite communications). Apart from this geodetic base infrastructure, BKG is co-financing the 
VLBI correlator at the Max-Planck-Institute for Radioastronomy at Bonn including a separate 
contract for geodetic correlation services. A local VLBI correlator was installed at the Geodetic 
Observatory Wettzell in September 2017. Finally, VLBI data analysis and data combination is 
carried out both at Frankfurt as well as at Leipzig. One important component missing at BKG so far 
was a Central VLBI Observation Coordination Facility (CVC). It was implemented at the Geodetic 
Observatory Wettzell during 2017 in order to better organize domestic VLBI sessions. A total of 28 
domestic sessions were coordinated within that year, also featuring dedicated sessions for the 
O’Higgins site including up to 6 telescopes. This contribution portrays the individual VLBI 
components operated by BKG with a special focus on the VLBI observing and coordination tool. 
The current realization state is depicted and future prospects will be outlined. 
 
[S3 P07]  Characterization of the Masers at the Geodetic Observatory Wettzell 
Christoph Bürkel, Jan Kodet, Christian Plötz, Gerhard Kronschnabl, Ulrich Schreiber, Torben 
Schüler 
 
We have done a comparison of the masers at the geodetic observatory in Wettzell. The observatory 
owns three EFOS Masers from T4Science which are used as a frequency standard for the VLBI 
system and are included in the clock ensemble at the observatory. The comparisons of the masers 
were done with a frequency comparator in a triangular set up. The triangular measurement is the 
measurement of three oscillators at the same time and each oscillator is compared to the other two. 
We can derive with the triangular method the quality of the single oscillator by subtracting the other 
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two oscillators. Each derived Allan Deviation appears independent for each oscillator. We measured 
the three masers at a frequency of 10 MHz and 100 MHz. The measurement interval was seven days. 
We reach a sampling time of 105 s for the Allan deviation in each measurement. The three masers 
show nearly the same behavior at both frequencies. All three masers show a stability of 10ˆ-13 at 1 s 
and reach the flicker floor with a stability of 10^-16 after a day of sampling time. In the short term 
regime our EFOS 18 seems to be our best Maser, but after 100 s EFOS 60 shows a better 
performance in stability. In a former measurement we discovered a feature in the drift of the maser 
EFOS 60. This feature was caused by the internal site heater of the maser, the voltage of heater 
changed and the drift of the maser was changed in the opposite direction. After the heater voltage 
reach the normal level the drift changed again to the behavior before the voltage change. This feature 
showed no influence to ongoing VLBI measurements because the change of the frequency was not 
fast enough to have any influence. 
 
[S3 P08]  Antenna Parameters and Local Tie between the HartRAO 15-m and 26-m Antennas 
Marisa Nickola, Alet de Witt, Hana Krásná, Chris Jacobs, Ludwig Combrinck, Johannes Böhm 
 
Considering upcoming VGOS operations at HartRAO with the accompanying GGOS requirements 
of 1-mm accuracy in station coordinates and global baselines, antenna parameters of the HartRAO 
26-m and 15-m radio telescopes as well as the baseline length between the two telescopes are 
investigated further. Data from geodetic VLBI sessions are analyzed with VieVS to estimate antenna 
parameters and baseline length and to investigate possible correlation between antenna axis offset, 
axis offset altitude troposphere correction and antenna coordinates as well as possible seasonal 
variations in the aforementioned. CONT campaigns in which HARTRAO participated are analyzed 
to compare antenna axis offset, axis offset altitude troposphere correction, antenna coordinates and 
baseline length estimated from CONT02, CONT05, CONT08, and CONT11. Results from planned 
short baseline experiments between the 26-m legacy antenna and co-located 15-m antenna, applying 
station position, clock ties, and a common atmosphere, are presented. 
 
 

Session	4:	 VLBI	Core	Products	and	Their	Improvements	
 
[S4 T01]  IVS Galactic Aberration in VLBI Analysis: Findings of IVS WG8 (invited) 
Dan MacMillan and WG8 members 
 
The IVS Working Group on Galactic Aberration (WG8) was established to investigate issues related 
to incorporating the effect of galactic aberration in IVS analysis. Secular aberration drift is caused by 
the acceleration of the Solar System barycenter. It is mainly due to the rotation of the barycenter 
about the center of Milky Way galaxy. Studies made by working group members have shown that 
aberration can be estimated from VLBI geodetic data. The VLBI estimates of the aberration 
amplitude are in the range 5.1–6.4 µas/yr. These estimates are close to independent estimates of 4.8–
5.4 µas/yr that have been derived from astrometric measurements of proper motions and parallaxes 
of masers in the Milky Way galaxy. A geodetic value was chosen by the working group in order to 
be consistent with geodetic VLBI applications, specifically for the generation of the ICRF3 solution. 
In this presentation, we discuss the investigation of the working group and its findings. 
 
[S4 T02]  ICRF3, the New Realization of the International Celestial Reference Frame 
Patrick Charlot, on behalf of the ICRF3 Working Group 
 
This talk will review the main features of ICRF3, the new realization of the International Celestial 
Reference Frame, which will be presented for adoption at the upcoming IAU General Assembly in 
August 2018, as a replacement for ICRF2, the current fundamental celestial reference frame. About 
twice as many VLBI observations have entered the generation of ICRF3 compared to ICRF2. The 
effect is an increase in the total number of sources, higher position accuracies and less systematics. 
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Furthermore, the frame shows a much more uniform distribution of position accuracies compared to 
ICRF2, an improvement originating in the systematic re-observing of all sources that had a limited 
number of observations in ICRF2. A new feature also is the incorporation of VLBI data sets at 22 
GHz (K band) and 8.4/32 GHz (X/Ka band) besides those available at the traditional 2.3/8.4 GHz 
(S/X band) geodetic and astrometric VLBI frequencies. The result is the availability of astrometric 
positions at three frequencies (8.4 GHz, 22 GHz and 32 GHz) for about 600 sources, a potentially 
very valuable product to investigate core shifts in those objects. Specifically, ICRF3 is meant to 
serve as the reference for aligning the Gaia optical frame onto the International Celestial Reference 
System with the highest accuracy in the future. 
 
[S4 T03]  X/Ka-band Component of the Proposed ICRF3: the Importance of Observation and 
Parameter Correlations 
Chris Jacobs, Cristina García-Miró, Shinji Horiuchi, Lawrence G. Snedeker, J. Eric Clark, Mattia 
Mercolino, Ioana Sotuela, Leslie A. White 
 
The candidate ICRF3 being proposed to the IAU is multi-wavelength consisting of components at 
S/X (2.3/8.4), K (24 GHz) and X/Ka (8.4/32 GHz). This paper discusses the X/Ka component 
celestial reference frame which was constructed using a combined NASA and ESA Deep Space 
Network from 167 observing sessions over which 678 sources were detected covering the full 24 
hours of right ascension and the full range of declinations. Observations at X/Ka-band are motivated 
by their ability to access more compact source morphology and reduced core shift relative to 
observations at the historically standard S/X-band. In addition, the factor of four increase in 
interferometer resolution at Ka-band should resolve out some types of astrophysical systematics. 
Comparison of ~500 X/Ka sources in common with S/X-band (2.3/8.4 GHz) frames yields evidence 
for systematic errors at the level of hundreds of micro-arcseconds. We discuss the importance of both 
observation correlations and estimated parameter correlations in evaluating the significance of these 
systematics differences. 
 
[S4 T04]  Combining Datum-free Normal Equation Systems for the Determination of Celestial 
Reference Frames 
Maria Karbon, Axel Nothnagel 
 
One of the primary goals of Very Long Baseline Interferometry (VLBI) is the determination of the 
International Celestial Reference Frame (ICRF). Currently the third realization of the internationally 
adopted CRF, the ICRF3, is under preparation. This work aims for improvements of the current 
conventional realization of the International Celestial Reference System (ICRS), as at present it is the 
least robust component of the main geodetic products. It is the only product which is determined not 
only by solely one technique (VLBI), but also exclusively by one analysis center. Here, we aim at 
estimating an optimized CRF by means of an intra-technique combination. The combination is based 
on the individual solutions provided by the different analysis centers, including S/X and X/Ka 
catalogs. We discuss the differences between the individual catalogs and the combination, and its 
effect on the VLBI analysis. 
 
[S4 T05]  Effect of VLBI Observation Networks on Source Stability 
Karine Le Bail, David Gordon 
 
The observing network changes depending on the type of session and the availability of given 
stations. The factors that affect the network are for example the nature of the session (geodesy, 
astronomy), the strength and/or the location of the target sources, the maintenance or repair of certain 
antennas. The observation frequency varies from weekly (R1 and R4 sessions) to a few irregular 
times a year (R&D, CRF, CRDS sessions). Because of such network disparities and irregularities, a 
given source is observed irregularly and we expect its time series to reflect some non-stationarity. 
This study aims at answering the question: Does the observing network have an effect on source 
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stability? We know the structure of a source is seen differently depending on baseline geometry. 
What is the impact on the observation of the source in the long term? Previous studies determine the 
stability of a source on the total or averaged time series. In this study, we isolate position 
determination depending on different networks. We determine different statistical characteristics as 
standard deviations and Allan variances. We then compare the different stability conclusions of 
common sources for different networks. 
 
[S4 T06]  Insight to Astrophysical Phenomena from VLBI Source Position Instabilities 
César Gattano, Patrick Charlot 
 
Most of the radio-sources observed by VLBI, some used as defining sources in the International 
Celestial Reference Frame [ICRF2], show instabilities in their astrometric position time series. Such 
instabilities vary from source to source, generally in the range 0.1–1 milli-arcsecond. Those 
instabilities may be caused by astrophysical phenomena occurring in the central VLBI region of 
those objects (i.e., active galactic nuclei). Variability (of the radio-flux) correlated with astrometric 
variations argues in this sense. On this basis, we have begun to characterize the signal included in the 
available VLBI position time series. Preliminary analysis reveals that, frequently, the position 
instabilities happen along a preferred direction. But, for some sources, two directions are 
distinguished. The first scenario is consistent with regular emergence of jet components from the 
VLBI core, hence causing shifts of the radio emission centroid. On the other hand, the second 
scenario may give clues to the presence of a second black hole within the active galactic nuclei that 
have its own activity offset from that of the first black hole. Comparing those directions with the 
orientation given by the radio-optical position offset (using the Gaia Data Release 2 for optical 
counterparts) and with VLBI jet directions (as extracted from, e.g., the Bordeaux VLBI Image 
Database) may bring further insights to astrophysical phenomena within active galactic nuclei. 
Understanding the underlying physics of such sources will be essential in the future to identify those 
which materialize the most stable directions of the Universe, a crucial point in the realization of 
future versions of the International Celestial Reference Frame. 
 
[S4 T07]  Improving the S/X Celestial Reference Frame in the South 
Alet de Witt, Karine Le Bail, Chris Jacobs, David Gordon, David Mayer, Matthias Schartner 
 
We believe that the S/X celestial reference frame (CRF) can be improved in the far-south by a factor 
of 2 in density and a factor of 2.5 in precision. We have started a collaboration to meet these goals. 
We have increased the data rates on existing IVS astrometric sessions in the south from 256 Mbps to 
1 Gbps. We will use this sensitivity to detect weaker sources and to improve the precision of sources 
in the southern S/X CRF, while simultaneously increasing the number of sources, in particular the 
overlap with other frames such as K- and Ka-band in the radio and the Gaia frame in the optical. 
VLBI observations in the southern celestial hemisphere have always been more difficult both 
because there are fewer radio telescopes in the south than in the north, and because there are fewer 
known reference sources in the south. There have been many efforts in recent years to increase the 
number of known reference sources in the south, in particular the LBA calibrator survey (LCS), 
which has already produced a significant improvement at X-band. The ICRF-3 is expected to make 
significant improvements in the south, however the south has not yet reached parity with the north 
and much work remains to be done. Therefore dedicated astrometric and imaging observations have 
already begun to improve the southern CRF at S/X-bands. 
 
[S4 T08]  Systematic Effects in the ICRF as Seen from Gaia 
David Mayer, Johannes Böhm, Sébastien Lambert, Hana Krásná, Niu Liu 
 
The Gaia auxiliary quasar solution provides the unique opportunity to test modeling approaches for 
the ICRF against an independent reference. We created ICRF solutions with different 
parameterizations, in particular, we correct for galactic aberration and investigate different 
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troposphere modeling approaches and compare them against Gaia. As a means of comparison we use 
the recommended vector spherical harmonics up to degree 2 where special care is taken to insure that 
no outliers remain in the estimation. We find that applying the model for galactic aberration removes 
most of the glide parameters between the two catalogs. Further, we report on systematic differences 
which are introduced by using absolute constraints on tropospheric gradients. When removing these 
systematic effects we find that the glide between Gaia and the ICRF becomes insignificant. 
 
[S4 T09]  Core-shift Measurements in a Large Sample of Extragalactic Radio Sources and 
Their Effect on High-accuracy Astrometry 
Alexander Plavin, Yuri Kovalev, Alexander Pushkarev 
 
The observed position of bright cores in compact jets of extragalactic radio sources changes with 
observing frequency because of synchrotron self-absorption and external absorption. It was shown 
that this effect may introduce errors into high-accuracy astrometric measurements. We measured the 
shift using our automatic method to deliver robust results minimizing possible biases, which was 
applied to VLBI observations carried out simultaneously at 2 and 8 GHz. The sources, for which we 
successfully determined core shifts, form the largest sample to date more than 300 AGNs at epochs 
ranging from 1994 to 2016. For 40 sources measurements were performed for tens of different 
epochs allowing us to examine variability of the shift. Typical offsets between measured core 
positions at 2 and 8 GHz are about 0.5 mas, with variability of the positions at individual frequencies 
about 0.3 mas. This implies that the expected inverse frequency dependency for the shift cannot hold 
at all time scales and the core shift effect has to be taken into account to increase the absolute 
astrometric accuracy. Otherwise, it may lead to source systematic specific errors, which change with 
time. 
 
[S4 T10]  Closure Analysis of the IVS Data 
Minghui Xu, James M. Anderson, Robert Heinkelmann, Harald Schuh, Guangli Wang 
 
Even though phase and amplitude observables are directly measuring source structure, they have 
rarely been used and explored in geodetic VLBI. Since geodetic VLBI has been routinely observing 
for nearly 40 years, it provides us a great amount of delay, phase and amplitude observables that 
enable extraction of the real information about source structures for the geodetic sources that have 
been observed by the global IVS network. We explore these data in the way that source structure and 
structure changing with time are explicitly shown by doing closure analysis without efforts to 
calibrate the observed phase and amplitude,. In this talk, there will be several movies of 
demonstrating the source structure changing within more than 30 years, even for many frequently 
observed ICRF2-defining sources. We will demonstrate the powerful usage of closure analysis of 
phase and amplitude observables from IVS data. Apart from the IVS 24-hour standard sessions, the 
INTENSIVE sessions with more than 3 observing stations have also been processed, mainly the 
INT3 sessions within 10 years. On such long baselines (>8000 km) with a few observables in 
INTENSIVE sessions, which are strongly affected by source structure but lack the ability of both 
identifying the source structure effects as outliers and averaging out the structure effects over many 
sources as R1/4 sessions can do, there should be a direct impact on UT1 estimates from geodetic 
VLBI. By inspecting the closure plots that those sources have drawn within 40 years, the geodetic 
sources all have clear structure to some extent. Geodetic VLBI will have to consider and correct 
these effects in a serious way for nowadays VLBI and also for the future VGOS. 
 
[S4 T11]  Recent Activities of the IVS Combination Center in View of a Consistent Realization 
of EOP, TRF, and CRF 
Sabine Bachmann, Linda Janssen, Daniela Thaller 
 
The consistent realization of EOP, TRF, and CRF is an evolving and challenging field of 
investigation. The international realizations of the reference systems, i.e., ITRF and ICRF are still 
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generated separately within independent processes and by considering different data sets: ICRF 
results from a VLBI-only solution, whereas ITRF is an inter-technique combination. Such 
independent procedures lead to inconsistencies also for the EOPs. This topic is especially important 
for VLBI, since only VLBI has direct access to all of the relevant parameters. Within the VLBI 
combination, similar processes have been followed for the reference system realizations, so far. First 
steps in the direction of a consistent analysis of TRF and CRF have been done by adding source 
positions to the combination procedure. A consistent solution of TRF and CRF has been realized 
with stations and sources with stable observations. Recently, we improved the handling of weakly 
observed stations and sources and we investigated the process for consistent EOP estimation along 
with TRF and CRF. These results will be presented. 
 
[S4 T12]  New VLBI Solutions at Analysis Center DGFI-TUM 
Matthias Glomsda, Younghee Kwak, Michael Gerstl, Detlef Angermann, Florian Seitz 
 
The Deutsches Geodätisches Forschungsinstitut at Technische Universität München (DGFI-TUM) is 
one of the Analysis Centers (AC) of the International VLBI Service for Geodesy and Astrometry 
(IVS). In this regard, it provides solutions consisting of Earth Orientation Parameters (EOP), station 
coordinates and radio source positions for observations obtained from Very Long Baseline 
Interferometry (VLBI). Until recently, the official solutions have been computed with the external 
VLBI software OCCAM. In 2018, after successful completion of internal and third-party validations, 
DGFI-TUM started contributing to the IVS with the Radio Interferometry component of its 
proprietary DGFI Orbit and Geodetic parameter estimation Software (DOGS-RI). In this 
presentation, we will summarize the model approaches followed by DOGS-RI and provide analysis 
results from our latest contributions, extending the quality assessment of DGFI-TUM’s new VLBI 
solutions. 
 
[S4 T13]  VLBI-derived Earth Orientation Parameters Generated at ESOC 
Claudia Flohrer, Erik Schönemann, René Zandbergen, Tim Springer, Werner Enderle 
 
ESOC’s Navigation Support Office provides the geodetic reference for ESA missions based mainly 
on the processing of the satellite geodetic techniques GNSS, SLR, and DORIS. At present, the 
Navigation Support Office is extending this expertise to include VLBI processing and analysis. This 
activity will complete ESA’s capabilities to determine the absolute orientation of the Earth and 
therewith enables the Navigation Support Office to provide a fully independent set of Earth 
orientation parameters for ESA missions, European institutional missions, and European industry. 
With the addition of VLBI, ESA’s software package NAPEOS will not only be usable for the IDS, 
IGS, ILRS and IVS services but will also be capable of combining all four geodetic techniques on 
the observation level, a rather unique achievement! Current activities focus on the implementation of 
the parameter estimation for the Earth orientation parameters based on VLBI observations. This 
presentation will show first results based on 24 hour and intensive VLBI sessions using different 
parameterizations and compare the results with other solutions, including the IVS combined 
solutions. 
 
[S4 T14]  Making Where Available to the Community 
Geir Arne Hjelle, Michael Dähnn, Ingrid Fausk, Ann-Silje Kirkvik 
 
The Norwegian Mapping Authority (Kartverket) is an associated analysis center within the IVS, and 
we are currently preparing to contribute our VLBI analyses to the IVS with our new ‘Where’ 
software. We also believe the software itself can be useful for the community and will therefore 
make ‘Where’ available under an open source MIT license. This presentation will show how you can 
obtain your own copy of ‘Where’. Furthermore, we will give a quick introduction to how the 
software works, including many of the numerous options when setting up a VLBI analysis. We will 
also explore how to look at and analyze the results with the companion ‘There’ program. ‘Where’ is 
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built on open source software, primarily using the Python language. While all models of the IERS 
2010 conventions are implemented, it is also easy to add alternative models or compare results from 
different models. 
 
[S4 T15]  Improvements of the Stochastic Model of the VLBI Data Analysis 
Nicat Mammadaliyev, Robert Heinkelmann, Tobias Nilsson, Harald Schuh 
 
Usually, the target products of geodetic VLBI are estimated based on the least-squares method, for 
which an explicit functional model and a stochastic model are required. In contrast to the functional 
model, the stochastic model of the VLBI observations has not been developed well in most of VLBI 
data analysis packages. The standard stochastic model of the VLBI analysis software VieVS@GFZ 
includes only diagonal elements in the weight matrix of the observations under an assumption that 
the observations are independent and their stochastic properties are described by the formal errors of 
the observations plus a noise floor. A number of studies has shown that such a simple modelling of 
the stochastic model affects the target parameters and their formal errors. The aim of this study is the 
improvement of the a priori variances by incorporating all error sources affecting the “observed 
minus computed” delays, and the modelling of additional covariances in order to obtain a more 
realistic stochastic model in terms of a fully populated variance-covariance matrix. In addition, 
instead of describing the stochastic model by a single scaling factor, several variance-covariance 
components are taken into account to describe different stochastic properties of the observations, 
such as station or elevation angle dependent properties. Those components were determined by the 
iterative MINQUE method. In order to evaluate possible effects, the extended stochastic model has 
been applied to the analysis of various geodetic VLBI sessions using the VLBI analysis software 
operated at GFZ. The results demonstrate that an extended, fully populated variance-covariance 
matrix provides significantly different adjustments to the parameters together with more realistic 
formal errors. 
 
[S4 T16]  Earth’s Nutation: Recent Advances in Improving the Accuracy of Their 
Measurement by VLBI and in Constraining the Fluid and Inner Core Resonances 
Sébastien Lambert, Yann Ziegler, Ibnu Nurul Huda, Jean-Yves Richard, Niu Liu, César Gattano, 
Séverine Rosat, Christian Bizouard 
 
Accurate measurements of the Earth nutation by VLBI opens the door to internal geophysics and 
insights into the deformability of and the coupling mechanisms at the core-mantle and core-inner 
core boundaries. Several analysis centers propose nutation series obtained through a similar datasets 
but with small variations in the analysis configuration. In addition, geophysical studies need a precise 
fitting of the nutation amplitudes at tidal frequencies and a thorough examination of the free nutation 
associated with the free rotational mode of the liquid core (FCN). We address here several recent 
studies led at Paris Observatory concerning: (i) the obtention of an improved nutation series taking 
benefit of a rigorous combination of GNSS and VLBI with the French DYNAMO software, (ii) the 
gain of accuracy obtained with a global adjustment of nutation amplitudes directly on VLBI time 
delays after introducing the relevant partials into the Calc/Solve VLBI software, (iii) the evaluation 
of realistic errors from measurement, data processing, inversion, and partially known geophysical 
contributions, (iv) the possible improvement of the precession induced by a direct correction of the 
Galactic aberration in the VLBI analysis and of the nutation by a more accurate celestial reference 
frame, and (iv) the step forward the determination of geophysical parameters. 
 
[S4 T17]  Results from the BA 50 Balanced Scheduling Strategy INT01 R&D Sessions 
Karen Baver, John Gipson 
 
In 2016, the IVS Observing Program Committee allocated six 2016/2017 R&D sessions for the 
purpose of comparing the current INT01 operational scheduling strategy, the Maximized Scheduling 
Strategy (MSS), with a proposed strategy, the “Best All 50” Scheduling Strategy (BA 50). Prior to 



Tenth	IVS	General	Meeting	 June	3‒8,	2018 

39 Kartverket (Norwegian Mapping Authority) 

 

the MSS, the INT01 operational strategy used approximately 30 strong but poorly distributed 
sources, resulting in bad sky coverage at some times of the year. In response, we developed the MSS 
to maximize sky coverage by using all available geodetic sources (approximately 90), but at the 
expense of introducing weaker sources. Increasing sky coverage tends to decrease the UT1 formal 
error, while decreasing the average source strength tends to increase the UT1 formal error by 
creating longer observations and therefore allowing fewer observations in a session. The BA 50 tries 
to balance sky coverage and source strength by adding enough sources to improve sky coverage but 
limiting the total number of sources to 50 in order to limit the use of weaker sources. The six R&Ds 
used both strategies to allow a comparison, providing 12 MSS and 12 BA 50 “Intensives” per R&D 
session. Here we report the results from the six R&D sessions. 
 
[S4 T18]  European Intensive Sessions for the Estimation of Universal Time 
Johannes Böhm, Ruben Bolaño, Susana García Espada, Javier González, Jakob Gruber, Gerhard 
Kronschnabl, Alexander Neidhardt, Apurva Phogat, Christian Plötz, Matthias Schartner, Torben 
Schüler, Pablo de Vicente 
 
The determination of dUT1, the difference between Universal Time (UT1) and the Coordinated 
Universal Time (UTC), is one of the key tasks of geodetic Very Long Baseline Interferometry 
(VLBI). Global Navigation Satellite Systems (GNSS), such as GPS, GLONASS, or Galileo need 
those values for accurate positioning and navigation applications. The International VLBI Service for 
Geodesy and Astrometry (IVS) schedules and operates daily Intensive sessions to provide dUT1 on a 
routine basis. Additionally, the United States and Russia are running their own networks for the 
regular determination of dUT1. In this presentation we show the estimation of dUT1 with a single 
European baseline using S/X/Ka receivers for WETTZ13N (Germany) and RAEGSMAR (Azores). 
Both telescopes are modern, very fast slewing VGOS antennas. Although this baseline is shorter 
compared to other baselines and networks, we expect good and comparable accuracies (30 
microseconds) of dUT1 because the number of observations is significantly higher, thus allowing for 
an improved estimation of tropospheric parameters. The larger number of observations is due to the 
fact, that both telescopes see the same parts of the sky, and the very fast slewing VLBI radio 
telescopes. We have carried out a large number of simulations. The first real observations on the 
baseline are expected for March 2018, with the results then being added to the presentation. 
 
[S4 T19]  Intensifying the Intensives with the VLBA 
Nicole Geiger, Alan Fey, Christopher Dieck, Megan Johnson 
 
The US Naval Observatory has, since late 2011, been observing a UT1-UTC Intensive series using 
the Very Long Baseline Array (VLBA). The primary baseline for these sessions is Mauna Kea - Pie 
Town (MK-PT), with backup sessions using the Los Alamos-St. Croix (LA-SC) baseline. The 
session observation times are usually, but not always, offset by twelve hours from the IVS 
Intensives. The VLBA Intensives series are observed at the standard S/X bands. In addition to the 
daily single baseline VLBA Intensives, VLBA fortnightly sessions using up to four VLBA antennas 
are observed for characterization of the additional baselines. The stations that participate in the 
fortnightlies are Mauna Kea (MK), Pie Town (PT), Los Alamos (LA), and St. Croix (SC). During the 
period when St. Croix was offline due to Hurricane Maria damage, a tertiary intensive was observed 
using Hancock-Owens Valley (HN-OV). We present results of these UT1-UTC series to date and 
discuss future observing. One issue with the current observations is that the S-band can often be 
affected by RFI, which usually leads to dropped channels and increased noise in the data. To address 
the RFI in S-band, test observations are being done to characterize the performance of the VLBA 
using its more sensitive C-band. Potential future goals include extending the intensives using 3-
station baselines to maximize the east-west array. 
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[S4 T20]  Navigating Across the C-band: Experimental C-band Intensives with the VLBA 
Christopher Dieck, Megan Johnson, Alan Fey, Nicole Geiger 
 
The US Naval Observatory makes daily UT1 Intensive observations on the Mauna Kea – Pie Town 
baseline of the Very Long Baseline Array (VLBA) using the standard S/X bands in a bandwidth 
synthesis mode. These observations are increasingly negatively impacted by RFI in the S-band. The 
frequency range of the S-band receiver is only 200 MHz wide, restricting the ability to place the 32 
MHz wide channels to avoid the RFI. The VLBA C-band receiver is more sensitive and has a wide 
frequency range (3.9 to 7.9 GHz) which allows for more flexibility in the placement of channels. To 
see if the difficulties encountered in the S-band can be overcome by using the C-band, we have 
undertaken two experiments using the C-band receiver on the Hancock – Owens Valley VLBA 
baseline. The first is a standard group delay observing setup accomplished by placing channels at the 
low and high ends of the C-band frequency range as analogs of the S- and X-bands. A major 
question here is whether the smaller frequency separation is sufficient for ionosphere calibration. The 
second is an attempt at phase connection across the width of the C-band and using that to make a 
phase delay measurement to estimate UT1-UTC. Here we present the design of these sessions, the 
analysis methods, and the results. 
 
[S4 P01]  Parametrization of the Source Coordinates and Its Impact on the Nutation Param-
eters 
Ansgar Dreier, Maria Karbon, Axel Nothnagel 
 

The positions of the radio sources in the ICRF2 catalog, representing the newest realization of the 
Celestial Reference Frame (CRF), are given as time invariant coordinate pairs. Failing to 
acknowledge systematics within the source positions inevitably leads to a deterioration in the quality 
of the frame, and thus in all derived variables, e.g., of the Earth orientation parameters (EOP). One 
approach to overcome these shortcomings is an extended parametrization of source positions, similar 
to what is applied to the positions of the station. We decided to use the adaptive algorithm 
multidimensional regression splines (MARS) to adjust the coordinates of the source. With that we 
can correct the ICRF2 a-priori coordinate before entering it into our analysis. This enables us to 
introduce special handling resources in the datum definition, as we can eliminate the systematics, 
leading to an increase of 30% in the number of datum sources. Within this work we look at the 
impact of the parametrization and the consequential increase of datum sources on the nutation 
estimates, and focus there on the FCN. 
 
[S4 P02]  Realization of Celestial Reference Frames using a Classification of Radio Sources 
Based on the Allan Variance 
César Gattano, Patrick Charlot 
 

In the past two years, we presented with collaborators a new classification of VLBI radio sources on 
the basis of their astrometric stability, as revealed by Allan variance diagrams. Sources are classified 
in three groups depending on the nature of noise contents in their astrometric time series. The overall 
level of noise then orders sources within each group. Here, we present several strategies on the basis 
of this classification to realize celestial reference frames, i.e., to select the set of defining sources on 
which the fundamental axes of the frame are pointing at. This set of sources is usually constrained in 
the data reduction by a no-net rotation constraint. The ability of the realized frame to be truly non-
rotating is important because, in case of errors, the estimation of the Earth nutation and, to a lesser 
extent, of UT1 is contaminated. We determine the strategy that realize the stablest celestial reference 
frame on the basis of our classification by using two separate methods we developed. The first one 
analyses the stability of the annual realizations of a given frame. The second one analyses the 
coherence of multiple sub-frames realized by random subsets of defining sources. By applying those 
two methods on official sets of defining sources, we will be able to compare on the basis of those 
two criteria the ICRF2, the imminent ICRF3 and our Allan variance-based alternative. 
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[S4 P03]  Improving the Process Noise Model of Kalman Filter Celestial Reference Frames 
Using Source Structure Information 
Benedikt Soja, Lucia McCallum, Stanislav Shabala, Jamie McCallum, Chris Jacobs, Richard Gross 
 
Traditionally, celestial reference frames (CRFs) have been determined based on a constant 
coordinate model for radio source positions. However, several radio sources, for example from but 
not limited to the “special handling” category, exhibit temporal variability in their observed 
coordinates. Some of the coordinate variations might be explained by source structure effects and 
changes therein, potentially in combination with changing observing geometries. Since the temporal 
variations are mostly irregular, their parameterization is difficult and arbitrary, while a time series 
representation is a suitable approach to consider such effects. For this reason, we utilize a Kalman 
filter and smoother to sequentially process radio source coordinates estimated in the single-session 
analysis, resulting in time series of source positions that constitute the CRF. Critical in the 
application of Kalman filtering is the selection of process noise, which regulates the temporal 
variations of the resulting time series. Ideally, the process noise model would reflect the true 
temporal behavior of radio source positions. In earlier Kalman filter CRF solutions, we used time 
series of VLBI radio source coordinates to derive the process noise model. However, this approach 
turned out to be significantly affected by properties of the observing network, resulting in larger 
noise values in declination than in right ascension, in particular for southern sources. In this study, 
we investigate different approaches to utilize information on source structure to define the process 
noise used in the Kalman filter. A simple option is to assign different levels of process noise to 
sources with different source structure indices. Temporal changes due to high or low source activity 
may be indicated by the source flux information that is available in the monthly updated flux 
catalogs. As a third option we explore incorporating information found in source maps. In particular, 
we select larger process noise values for the coordinate component in the direction of the jet, which 
is usually subject to larger variability, than the one perpendicular to it. To assess the impact of the 
different approaches of defining the process noise model, we compare the resulting Kalman filter 
CRF solutions with each other in terms of coordinate differences and frame defining parameters. 
 
[S4 P04]  Amplitude and Phase—The Complex Impact of Source Structure on Geodetic VLBI 
Analysis 
James M. Anderson, Minghui Xu, Robert Heinkelmann, Harald Schuh 
 
Although the standard analysis packages for geodetic VLBI treat sources as if they are point-like, 
with measured delays and rates determined by a simple reference direction on the sky, effectively all 
geodetic sources are resolved by the longest Earth baselines at geodetic frequencies. Geodetic 
sources have structure, with finite two-dimensional distributions of emission on the sky that are both 
frequency- and time-dependent. Ignoring source structure leaves time- and baseline-dependent errors 
in geodetic observables. The impact of source structure errors in geodetic analysis was traditionally 
expected to be relatively minor in comparison to other error sources such as the tropospheric delay, 
especially when sources with large structure indices were excluded from the source lists, but in our 
analysis of CONT14, we found that approximately one half of the residual group delay variance in 
CONT14 is attributed to source structure, even after solving for source positions for all sources in the 
least-squares analysis. This result was obtained through a statistical analysis of closure delays, 
combinations of observables that exactly eliminate other standard geodetic VLBI error terms such as 
tropospheric delay errors, clock errors, and station position offset errors. Our closure analysis, 
combined with source structure models determined by imaging the same CONT14 dataset, shows 
that in addition to the commonly studied effect of source structure on the measured group delay, the 
source brightness (amplitude) also has a dramatic effect on the measurement noise of the 
observations. Source structure frequently results in lower than expected amplitudes, reducing the 
measured SNRs and thereby increasing the measurement noises. The full effect of source structure, 
including amplitude effects in addition to phase and delay offsets, is far larger than was traditionally 
expected. Using the image-based source structure models, we performed a geodetic analysis for 
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CONT14 correcting for the direct source structure group-delay errors. We found a reduction of the 
residuals amounting to 8 ps (in quadrature)—in line with our expectations from the source structure 
models. Additionally, 2% more observables were retained in the analysis (not flagged as outliers). 
Overall, baseline length repeatabilities were improved. However, no source structure corrections 
could compensate for the loss of SNR caused by the low amplitudes. This is a lesson that must be 
taken into account in future scheduling and analysis of VLBI sessions. As CONT14 may not be 
representative of general IVS sessions, we have analyzed recent R1 and R4 sessions using our 
closure analysis techniques, and also present these results here. 
 
[S4 P05]  EOP Precision of the Operational R1 and R4 Sessions 
Cynthia Thomas, Dan MacMillan 
 
This presentation will focus on the performance of the operational IVS-R1 and IVS-R4 sessions from 
2002 through 2017. The IVS-R series began in January 2002 with a network of five to six stations 
and increased over time to a network size of 11 to 13 stations in 2017. The formal uncertainties of 
the R1 and R4 EOP improved over the period of 2002 through 2017. We consider how much this 
improvement can be attributed to the increased size of the networks, changes in data rate, the number 
of observed sources, and/or the scheduling parameters. The observed precision of R1 and R4s based 
on differencing relative to GPS shows that the WRMS difference of R1 and R4 polar motion relative 
to GPS varies significantly with time. Generally, the observed precision improved from 2002-2017 
with the yearly-average precision of the R1s and R4s improving from 115 to 85 µas. However, there 
is significant variation in precision determined for 2-month periods, where the 2-month precision 
varies from 40 to 130 µas. This precision is much better over different time periods, for instance, 
precision in the time period around CONT14 was close to the precision of CONT14. We investigate 
the possible factors that could produce better or worse precision for the R networks. Possible factors 
that could explain the variability in observed EOP precision are network station variation, data loss, 
observed SNR vs. Scheduled SNR, and observed SEFDs vs. scheduled SEFDs. All of these factors 
will be reviewed in determining the performance of the R1 and R4 series from 2002 through 2017 in 
12-month periods, 2-month periods, and periods near CONT campaigns. 
 
[S4 P06]  DOGS-RI: The VLBI Software of DGFI-TUM 
Matthias Glomsda, Michael Gerstl, Younghee Kwak, Detlef Angermann, Florian Seitz 
 
The Deutsches Geodätisches Forschungsinstitut at Technische Universität München (DGFI-TUM) is 
one of the Analysis Centers (AC) of the International VLBI Service for Geodesy and Astrometry 
(IVS). In this regard, it provides solutions consisting of Earth Orientation Parameters (EOP), station 
coordinates and radio source positions for observations obtained from Very Long Baseline 
Interferometry (VLBI). After years of using OCCAM as the main VLBI analysis software, DGFI-
TUM started to implement and apply a proprietary library called DOGS-RI (Radio Interferometry). It 
is part of the DGFI Orbit and Geodetic parameter estimation Software package (DOGS) and hence 
intended to ensure a consistent combination with other space geodetic techniques (DOGS-OC 
processes SLR analysis, and DOGS-CS supports inter-technique combination of GNSS, VLBI, SLR, 
and DORIS normal equations). In this contribution, we describe the technical and methodological 
approaches of DOGS-RI, which comprise models from both former and the latest IERS Conventions, 
and thus offer a great flexibility in parameterizing VLBI observations. 
 
[S4 P07]  Initial VLBI Analyses at the National Geographic Institute of Spain 
Esther Azcue, Víctor Puente, Javier López Ramasco, Marcelino Valdés, Susana García Espada, 
Yaiza Gómez Espada 
 
The National Geographic Institute of Spain (IGN) has been taking part on geodetic VLBI since 2008 
through the participation of Yebes 40-meter radio telescope on VLBI observation campaigns. It also 
encourages the continuous development of RAEGE project for an Atlantic Network of 
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Geodynamical and Space Stations, as part of the VLBI Geodetic Observing System. Currently, IGN 
is expanding its contribution to geodetic VLBI by taking the first steps on VLBI data analysis. We 
present in this work the results of the initial analyses carried out using VieVS 3.0 (University of 
Vienna) as analysis software. One-year series of Earth Orientation Parameters obtained from R1 and 
R4 IVS sessions are compared with the IVS reference products. In addition, secondary VLBI 
products such as zenith troposphere delay and clock offsets are also compared with GNSS-based 
products in stations in which VLBI and GNSS antennas collocation make this analysis possible. 
 
[S4 P08]  NMA Analysis Center – Progress Report 
Ann-Silje Kirkvik, Geir Arne Hjelle, Åsmund Skjæveland, Ingrid Fausk, Michael Dähnn 
 
The Norwegian Mapping Authority (Kartverket) has been an associated analysis center within the 
IVS since 2010. Our original intentions were to become a fully operational analysis center using the 
legacy software GEOSAT. However, this proved to be difficult and impractical. Instead, we have 
started development of a new software called ‘Where’, and we are ready to start submitting solutions 
to the IVS Combination Center for testing. With the new software we are better equipped to deal 
with software changes such as bug fixes and new developments to handle future needs. Previously, a 
comparison with other VLBI analysis software packages has showed that the implemented model in 
‘Where’ is consistent with current conventions. By starting to submit solution the IVS combination 
center the estimated parameters can also be evaluated and compared to the other analysis centers. 
The progress on this work will be presented. When the quality of the solutions are satisfactory, we 
can start testing the operational analysis and the timeliness of the deliveries. 
 
[S4 P09]  A Comprehensive Data Set of the State of the Atmosphere around the Geodetic Ob-
servatory Wettzell during the CONT17 Campaign 
Thomas Klügel, Armin Böer, Torben Schüler, Walter Schwarz, Christian Plötz 
 
Continuous VLBI observations are designed to obtain highly accurate VLBI data for detailed studies 
of high frequency Earth rotation variations, reference frame stability and daily to sub-daily site 
motions. The last campaign CONT17 covered a time span of 15 days between Nov. 28 and Dec. 12, 
2017. During this time span, a comprehensive data set of atmospheric observations and weather 
model data were acquired at the Geodetic Observatory Wettzell, where three radio telescopes 
contributed to three different networks which have been established for this campaign. The data set is 
made available to all the interested users in order to provide an optimal data base for the analysis and 
interpretation of the CONT17 VLBI data. In addition, it is a good data set for validation and 
comparison of tropospheric parameters resulting from different space techniques with regard to the 
establishment of a common atmosphere at co-location sites. The regularly recorded atmospheric 
parameters comprise all meteorological quantities (pressure, temperature, humidity, wind, radiation, 
precipitation) taken from the local meteo station close to the surface, temperatures up to 1000 m 
above the surface from a temperature profiler, total vapor and liquid water content from a water 
vapor radiometer, and cloud coverage and -temperatures from a nubiscope. Additionally vertical 
profiles of pressure, temperature and humidity from radiosonde balloons, which were released in 
Wettzell twice per day during the CONT17 campaign, and numerical weather models from the 
German weather service. The graphical representation and comparison show a good correlation in 
general, but also some disagreements at special weather situations. While the accuracy, the temporal 
and spatial resolution of the individual data sets is very different, the data as a whole characterize 
comprehensively the atmospheric conditions around Wettzell during the CONT17 campaign and 
represent a sound basis for further investigations. 
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[S4 P10]  A Half-year Comparison of Precipitable Water Vapor Retrieved with Novel Ground-
based Microwave Radiometer, GPS, and Numerical Weather Analysis Data Obtained at 
Tsukuba 
Ryuichi Ichikawa, Taketo Nagasaki, Osamu Tajima, Hiroshi Takiguchi, Kentaro Araki 
 
We have developed a state-of-the-art microwave radiometer named KUMODeS (KEK Universal 
Moisture and Oxygen Detection System) using the technology of millimeter-wave spectroscopy for 
the high-resolution and high-precision monitoring of water vapor behavior. We have carried out 
comparative measurements of precipitable water vapor (PWV) in order to investigate the potential of 
KUMODeS/PWV measurements. KUMODeS measures spectra using two receivers with frequency 
bands of 20–30 GHz and 50–60 GHz. The low-noise amplifier of the first receiver and a cold 
calibration source are implemented in a cryostat, which is maintained at 10 K in order to improve the 
sensitivity in the detection of the characteristic broad peak of water vapor at around 22 GHz. The 
second receiver is used to measure the absorption peaks of oxygen (~60 GHz). The GPS-based PWV 
is estimated reliably with 1-2 mm accuracy according to previous studies. The GPS PWV values are 
retrieved from zenith wet delays (ZWDs), which are computed by subtracting the zenith hydrostatic 
delays (ZHDs) from GPS-based zenith total delays (ZTDs). In this procedure, the ZHDs are obtained 
from the surface pressure and temperature. We performed KUMODeS- and GPS-based PWV 
measurements at Tsukuba from 20th December 2016 to 15th July 2017. In addition, we also 
processed PWV variations using the JMA (Japan Meteorological Agency) operational local analysis 
(LA) during events of cold-front passages. The PWV measurements derived from GPS and 
KUMODeS have temporal resolutions of 30 s and about 2 min, respectively. The estimates from the 
LA have a temporal resolution of 1 h. A comparison of time series during the cold-front passage 
shows good agreement between the PWV measurements retrieved from KUMODeS, GPS, and the 
LA between 20th and 22nd December 2016. Although further investigation is required to evaluate 
the performance of KUMODeS, the preliminary result of the comparison implies the consistency and 
potential of KUMODeS measurements. We have also developed a second prototype of KUMODeS. 
The characteristics of the second prototype are a compact form factor, light weight, and low power 
consumption. We are now planning the first test measurement using the second KUMODeS 
prototype in early March 2018. We will present a preliminary result of the measurements in the 
meeting. 
 
[S4 P11]  Permanent Reference Point Monitoring of the Radio Telescopes at the Geodetic Ob-
servatory Wettzell 
Swetlana Mähler, Thomas Klügel, Michael Lösler, Torben Schüler, Christian Plötz 
 
The long-term stability of reference points of the geodetic space techniques is crucial since any 
temporal variation has a direct impact on the reference frame itself. While the terrestrial survey of 
non-moving reference points like GNSS- and DORIS antennas or their reference markers can be 
done directly, the geometric reference point of VLBI- and SLR telescopes has to be constructed from 
numerous measurements of points on the moving telescope structure. At the Geodetic Observatory 
Wettzell a quasi-permanent reference point monitoring system has been set up at the TWIN 
telescopes TTW-1 and TTW-2 in 2015 and 2013, respectively. The in-house software package called 
HEIMDALL allows the coordination of the VLBI- and tachymeter schedules, the management of the 
moving targets and the acquisition and storage of tachymeter and meteorological data in a database. 
The obtained data sets spanning a period of 1.5 and 3.5 years provide an insight into the three-
dimensional motion of the invariant point. As expected, the largest motions occur in the vertical with 
an annual period, a maximum in the second half of July and a peak-to-peak amplitude of nearly 2 
mm. In addition, a weak seasonal signal of less than 1 mm is also visible in the horizontal component 
of both telescopes pointing towards Southeast and showing a delay of two months with respect to the 
thermal peak. The correlation of the height variations with temperature records obtained from 
sensors being inside the TTW-2 telescope structure yields correlation coefficients of up to 0.98 and 
coefficients of thermal expansion of 1.3 to 1.6 x 10-5 K-1. Similar values result from the correlation 
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of a 10-year time series recorded by a vertical strainmeter inside the 20-m telescope RTW tower with 
temperature records from the telescope structure, yielding a correlation coefficient of 0.93 and a 
coefficient of thermal expansion of 1.5 x 10-5 K-1. These very high correlations allow the correction 
of thermoelastic height variations using the records of appropriately installed temperature sensors 
with rms errors of the residuals of less than 0.15 mm. 
 
 

Session	5:	 Extending	the	Scope	of	VLBI	Usage/Applications	
 
[S5 T01]  Planetary Probes as Near-field VLBI Targets: Science Applications, Methodology 
and Synergy with IVS (invited) 
Leonid Gurvits, Tatiana Bocanegra-Bahamón, Giuseppe Cimò, Dominic Dirkx, Dmitry Duev, Guifré 
Molera Calvés, Sergei Pogrebenko 
 
A spacecraft emitting radio signals can be treated in VLBI observations as a point-like source, thus 
offering a principle opportunity to apply to this source the might of VLBI astrometry. However, 
“traditional” astronomical VLBI systems are based, among other things, on the assumption that the 
target is infinitely far away, i.e., is located in the “far field”. The Fraunhofer distance defines the 
“border” between “far field” and “near filed”. For all practical VLBI applications with modern 
spacecraft, the distance to the target is well within the Fraunhofer value. Thus, “traditional” VLBI 
algorithms, especially those used in VLBI astrometry, must be modified for estimating lateral 
coordinates of a spacecraft. The value of “near-field” VLBI for planetary and space science has been 
appreciated since the 1970s. A number of planetary and space science missions benefited from 
spacecraft VLBI tracking. The technique offered a sub-milliarcsecond “positioning” of spacecraft on 
the celestial sphere that translated, e.g. into ~1 km linear accuracy at the distance to Titan in support 
to the ESA’s Huygens Probe in 2005. Recently the technique has been demonstrated “in action” for 
the ESA’s Venus Express and Mars Express missions. In both these cases, the observations have 
been conducted in so called Planetary Radio Ineterferometry and Doppler Experiment (PRIDE) 
mode, which offers two kinds of measurable values, the lateral celestial coordinates of the target and 
range rate Doppler measurements (Duev et al. 2012, Bocanegra-Bahamón et al. 2018a). The 
application of PRIDE technique for lateral positioning of the ESA’s Mars Express mission was 
demonstrated by Duev et al. (2016). The same technique enabled us to investigate the Venusian 
atmosphere by observing the ESA’s Venus Express radio occultations (Bocanegra-Bahamón et al. 
2018b). PRIDE has been also selected as one of eleven experiments of the ESA’s Jupiter Icy 
Satellites Explorer (JUICE) mission (Grasset et al. 2014) as a multi-disciplinary enhancement of the 
mission’s science return. Precise PRIDE measurements of the spacecraft lateral coordinates and 
radial velocity in the Jovian system will be used for improvements of the Jovian system ephemerides 
which are crucially important for interpretation of other science experiments conducted by JUICE 
(Dirkx et al. 2017). The presentation will offer an overview of major approaches to near-field VLBI 
applications in planetary and space science toward achieving “lateral positioning” of planetary 
probes relative to the background extragalactic radio sources with the accuracy of 0.5 nanoradians 
and better. An emphasis will be made on multiple synergies between methods and products of 
PRIDE and IVS techniques and deliverables. 
 
[S5 T02]  VLBI Observations of Satellites (invited) 
Rüdiger Haas 
 
During the last years the idea of observing satellite signals with geodetic VLBI networks has been 
discussed intensively. This includes both dedicated so-called co-location satellites in a low earth 
orbit (LEO), GNSS satellites in medium earth orbit (MEO), as well as geostationary satellites, and 
even the Moon. The main reason for these considerations is that there are expectations that these 
kind of observations could improve the connection between different reference frames, in particular 
the VLBI reference frames and dynamical reference frames used for orbit determination. To address 
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these topics, the IVS formed a working group, IVS WG 7 on “Satellite observations with VLBI”. 
This working group consists of members from a large number of research groups that are active in 
this field. The group has so far had several face-to-face meetings, including the involvement in the 
1st International Workshop on VLBI observations of near-field targets in 2016 at the University of 
Bonn, and a more or less intensive collaboration among its members. The research work done related 
to IVS WG 7 includes theoretical considerations on modelling of near-field delays, software 
development for post-processing of near-field delays, as well as simulation studies and observational 
campaigns. This presentation attempts to give an overview of the variety of work done in this field 
during the last years and to describe where we stand today. 
 
[S5 T03]  Testing Differential-VLBI (Phase Referencing) Observations of GPS Satellites with 
the EVN 
James M. Anderson, Li Liu, Robert Heinkelmann, Harald Schuh 
 

We have made initial observations of Global Positioning System (GPS) satellites using stations of 
the European VLBI Network to test the feasibility of performing differential-VLBI (D-VLBI, 
otherwise known as phase referencing) measurements of global navigation satellite system (GNSS) 
spacecraft to determine space-ties linking the spacecraft dynamic frames to the VLBI frame. Among 
the four primary space-geodetic techniques, only VLBI is able to directly link station positions with 
respect to the international celestial reference frame (ICRF), currently the most stable quasi-inertial 
reference frame known. In order to connect the dynamical frames of Earth-orbiting spacecraft to the 
celestial frame, frame ties must be used. Deficiencies in the ties between techniques are believed to 
be a major limiting factor in the systematic errors of estimated frame transformation parameters. 
Local ties among instruments at co-location sites employing multiple techniques are still not 
sufficiently accurate to adequately constrain the combinations of the different techniques. Therefore 
there is great interest in measuring space ties --- measuring the positions of the same spacecraft using 
multiple techniques, including VLBI. By using measurements of celestial calibrator sources 
angularly nearby to spacecraft targets, the D-VLBI technique can greatly eliminate the corrupting 
effects of variable tropospheric and clock offset errors, as well as errors caused by station position 
offsets. We present the results of our first test observations using EVN stations to observe GPS 
satellites, including both the L1 and L2 transmission subbands, and nearby calibrators, scheduled 
using our automated D-VLBI software. As new GPS satellites also include laser retroreflectors for 
satellite laser ranging (SLR) measurements, GPS spacecraft are good candidates for future precision 
space ties. Also, the nearly half-sidereal-day orbits of GPS satellites return each satellite to 
approximately the same orientation with respect to the ground network and the celestial calibrators 
every sidereal day, conditions that help to greatly minimize measurement scatter for D-VLBI 
observations of spacecraft. 
 
[S5 T04]  Observing the APOD Satellite with the AuScope VLBI Network 
Andreas Hellerschmied, Lucia McCallum, Jamie McCallum, Johannes Böhm, Jing Sun 
 

The Chinese APOD (Atmospheric density detection and Precise Orbit Determination) satellite, 
launched in September 2015, is the first LEO (Low Earth Orbit) satellite co-locating three space-
geodetic techniques including VLBI. Being equipped with a dual-frequency GNSS receiver, an SLR 
retro-reflector and a VLBI beacon transmitting DOR tones in the S and X band it can be considered 
as a first prototype of a geodetic co-location satellite in space. With the focus on VLBI observations 
we present a series of experiments carried out by the AuScope geodetic VLBI array in November 
2016. These experiments represent first observations of a LEO satellite by VLBI radio telescopes 
with the goal of deriving baseline delays as common in the geodetic VLBI. We describe all steps 
integrated in the established process chain: the experiment design and scheduling, the antenna 
control and satellite tracking scheme, the correlation, and derivation of baseline delays. To stay as 
close as possible to the operational analysis scheme for geodetic VLBI sessions we widely adopted 
the use of standard software such as DiFX for correlation and the Haystack Observatory Post-
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Processing System (HOPS). In the subsequent analysis of the derived delay in the Vienna VLBI and 
Satellite Software (VieVS) we find delay residuals in the range of a few ns. VieVS provides options 
to estimate a variety of geodetic parameters based on such data. These presented experiments 
represent the first end-to-end realizations of VLBI observations of a tie satellite on a LEO orbit, and 
are a valuable resource for future more sophisticated space tie satellite missions in the style of E-
GRASP/Eratosthenes. 
 
[S5 T05]  Geodetic VLBI Observations of the Chang’E-3 Lander – First Insights 
Grzegorz Klopotek, Thomas Hobiger, Rüdiger Haas, Axel Nothnagel, Zhongkai Zhang, Laura La 
Porta, Frédéric Jaron, Songtao Han 
 
The Chinese Chang’E-3 (CE-3) lunar exploration mission started in the end of 2013 with the 
deployment of a lander and rover at the north-west part of the visible side of the Moon. Since the 
stationary probe has the possibility to send DOR (Differential One-way Ranging) tones in X-band, 
this provided an opportunity to observe the CE-3 lander with geodetic VLBI. As a part of the OCEL 
(Observing the Chang’E Lander with VLBI) program, observations of these DOR signals in a 
geodetic VLBI mode were carried out during twelve 24-hour sessions and with a global network of 
VLBI telescopes. We present initial results from the geodetic VLBI analysis of OCEL sessions 
where we assess the current precision of such VLBI observations and the accuracy of estimated 
lunar-based parameters, i.e., lander’s lunar position components. In addition, we describe our 
processing strategy and discuss the limiting factors of our approach. Moreover, we highlight 
technical difficulties, which need to be resolved before one can access the full potential of the 
presented concept. 
 
[S5 T06]  VLBI and Essential Geodetic Variables 
Richard Gross 
 
Among other parameters, VLBI observations determine the positions of the VLBI observing stations, 
the Earth orientation parameters (EOPs), and the positions of extragalactic radio sources. 
Understanding the shape and rotation of the Earth and how it changes in space and time are two of 
the three pillars of geodesy. So, the positions of VLBI observing stations and the EOPs can be 
considered to be Essential Geodetic Variables. Essential Geodetic Variables (EGVs) are observed 
variables that are crucial (essential) to characterizing the geodetic properties of the Earth and that are 
key to sustainable geodetic observations. Examples of EGVs might be the positions of reference 
objects (ground stations, radio sources), Earth orientation parameters, ground- and space-based 
gravity measurements, etc. Once a list of EGVs has been determined, requirements can be assigned 
to them. Examples of requirements might be accuracy, spatial and temporal resolution, latency, etc. 
These requirements on the EGVs can then be used to assign requirements to EGV-dependent 
products like the terrestrial reference frame. The EGV requirements can also be used to derive 
requirements on the systems that are used to observe the EGVs, helping to lead to a more sustainable 
geodetic observing system for reference frame determination and numerous other scientific and 
societal applications. 
 
[S5 T07]  SAND: An Automated VLBI Imaging and Analyzing Pipeline – I. Stripping 
Component Trajectories 
Ming Zhang, Arnaud Collioud, Patrick Charlot 
 
We present our implementation of an automated VLBI data reduction pipeline dedicated to 
interferometric data imaging and analysis. The pipeline can handle massive VLBI data efficiently 
which makes it an appropriate tool to investigate multi-epoch multiband VLBI data. Compared to 
traditional manual data reduction, our pipeline provides more objective results since less human 
interference is involved. Source extraction is done in the image plane, while deconvolution and 
model fitting are done in both the image plane and the uv-plane for parallel comparison. The output 
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from the pipeline includes catalogues of cleaned images and reconstructed models, polarization 
maps, proper motion estimates, core light curves and multi-band spectra. We have developed a 
regression strip algorithm to automatically detect linear or non-linear patterns in the jet component 
trajectories. This algorithm offers an objective method to match jet components at different epochs 
and determine their proper motions. 
 
[S5 T08]  Toward Reliable Estimates of the Free Core and Inner Core Parameters from a 
Bayesian Inversion of VLBI and Gravimetric Data 
Yann Ziegler, Sébastien Lambert, Séverine Rosat, Christian Bizouard 
 
The resonance due to the Earth outer core and its nutation (free core nutation, FCN) has long been 
characterized consistently from two independent data sets, namely the nutations amplitudes 
estimated from very long baseline interferometry (VLBI) and the tidal gravimetric factors estimated 
from surface gravity variations recorded by superconducting gravimeters (SG) worldwide. The 
parameters of the free inner core nutation (FICN) have also been estimated but, so far, these values 
have been notably less reliable due to the weakness of the resonance amplitude compared to the data 
uncertainty. This fact, along with the improvement of data analysis beforehand and still longer time 
series in both above mentioned techniques, have motivated our new attempt at estimating the Earth’s 
interior parameters. Our main concern in this work is the assessment of the reliability of the 
estimated geophysical parameters. In particular, we focus on the FICN period and quality factor 
which are especially difficult to reliably determine and for which previous studies have yielded 
results which are not in good agreement. In this regard, it is worth noticing that even the theoretical 
framework describing the FICN is still the topic of important ongoing works, as we briefly remind. 
Investigating VLBI data first, we apply Bayesian methods to invert synthetic nutations amplitudes 
computed from a realistic Earth transfer function whose parameters are purposefully set to given 
values. In the process, we quantify the influence of any choice we make as for the inversion 
parameters and ensure the validity of our approach for the specific data set we are considering. Then, 
we endeavor to quantify the influence, on the FICN estimation, of different perturbations added to 
the data: namely outliers, bias and different noise levels. Similarly, we discuss the importance of 
different corrections, be they routinely applied to the data or usually neglected depending on their 
availability. The effect of the oceanic and atmospheric circulation on the nutations is a noteworthy 
example. At each step, we also check that the credibility regions provided by the Bayesian inversion 
are fully compatible with the expected results. After this systematic work on synthetic data, we then 
return to the inversion of actual nutations amplitudes derived from VLBI nutation time series from 
1984 to 2017 and provided by several analysis centers affiliated to the International VLBI Service 
for Geodesy and Astrometry. Based on the results obtained from the synthetic tests, we can more 
reliably discuss our new estimates of the free core and inner core parameters. Taking advantage of 
the different series, it is also possible to investigate the influence of the data preprocessing and to 
check the estimated uncertainties against the actual distribution of the parameters across the whole 
set of results. Finally, we simultaneously invert the nutations amplitudes from VLBI data together 
with surface gravity data from about 15 gravimetric stations. The results from both inversions are 
compared and the advantages and pitfalls of the joint inversion are also discussed. 
 
[S5 T09]  Canberra DSN Twin Telescope Tests: Assessing Station Oriented Systematic Errors 
Shinji Horiuchi, Chris Jacobs 
 
Each of NASA’s three Deep Space Network sites has multiple large antennas capable of acquiring 
VLBI data. The long range plan is to have four 34-meter antennas at each site. At present Goldstone 
has three; Canberra has three, and Madrid has two with two more under construction. These antennas 
offer the opportunity to do connected element interferometry (CEI) over the few hundred meter 
baselines within each complex. Given that all antennas within a site are of nominally the same 
structural design, are run off the same clock, observe through almost the same atmosphere, and are 
subject to almost the same geophysics, doing CEI experiments is an excellent way to probe the limits 
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of VLBI accuracy and expose station specific systematic errors. This paper will report the results of 
just such tests at the DSN Canberra site which achieved about 0.2 mm baseline precision per pass. 
Some stations exhibit more than 1 mm systematics. Based on this data we will discuss the 
implications for whether the IAG’s goal of 1mm station stability in VLBI geodesy is possible for 
large antennas. 
 
[S5 T10]  Analysis of the Short VLBI Baseline at the Wettzell Observatory 
Iván Herrera Pinzón, Markus Rothacher, Jan Kodet, Ulrich Schreiber 
 
The study of technique-specific error sources in space geodetic techniques is essential to improve the 
consistency of the realization of the terrestrial reference frame. To this end, the use of intra-technique 
experiments on short local baselines contributes to the identification of biases and environmental 
effects for each technique. In particular, the analysis of short VLBI baselines, possible as a result of 
the growing availability of twin and sibling VLBI telescopes at several fundamental sites, is a 
reliable method to collect detailed information on local effects and instrument-specific systematical. 
Within this work, we present results on the assessment of the short baseline between the co-located 
VLBI telescopes at the Geodetic Observatory in Wettzell (Germany), realized by the legacy 20-m 
dish Radio Telescope Wettzell (RTW) and the 13.2~m TWIN Telescope Wettzell (TTW1). 57 VLBI 
sessions between July 2015 and June 2016 are processed using the VLBI capabilities of the Bernese 
GNSS Software, to estimate station coordinates, troposphere zenith delays and clock parameters. The 
findings of this analysis show a sub-millimeter agreement of the VLBI-derived baselines with the 
terrestrial measurements (local ties). Differences between VLBI- and GNSS-based tropospheric 
zenith delays, with respect to a co-located GNSS station at the site, are also evaluated to investigate 
the behavior of absolute and relative atmospheric delays. Moreover, the quality of the time 
synchronization between the two VLBI telescopes is further assessed, as they both profit from the 
realization by a common timing system: the so-called two-way optical time-transfer system 
(TWOTT), which allows to create a virtual common clock for RTW and TTW1. Thus, the 
simultaneous observations made by VLBI are analyzed and the estimated local clock corrections are 
compared to study the delay stability. Preliminary results show that the estimated clock differences 
between VLBI and TWOTT show an acceptable agreement, with values below 50~ps. These and 
other characteristic features of the baseline are discussed in relation to custom-made processing 
strategies, designed to work out the advantages and disadvantages of the parameter estimation of 
short baselines. 
 
[S5 T11]  Solar Corona Electron Density Models from Recent VLBI Experiments AUA020 and 
AUA029 
Benedikt Soja, Oleg Titov, Anastasiia Girdiuk, Jamie McCallum, Stanislav Shabala, Lucia 
McCallum, David Mayer, Matthias Schartner, Alet de Witt, Fengchun Shu, Alexey Melnikov, Dmitry 
Ivanov, Andrey Mikhailov, Sang-Oh Yi, Sébastien Lambert 
 
Based on VLBI experiments in 2011 and 2012, which were scheduled to include several 
observations at small angular distances from the Sun, it was for the first time demonstrated that 
geodetic VLBI is capable of measuring the electron density of the solar corona. In 2017, two VLBI 
sessions included observations with ray paths even closer to the Sun: AUA020 and AUA029. 
Compared to the experiments a few years ago, the sensitivity was much higher due to a recording 
rate of 1 Gbps, and the observations through the corona were less disturbed from the low solar 
activity. During AUA020, the minimum solar elongation was 1.15 deg, while observation to the 
strong radio source 3C 279 during AUA029 even approached 0.5 deg. The first results from 
AUA020 data are promising: the estimated electron density model is an order of magnitude more 
precise compared to previous efforts and there is a significant decrease in correlation between the 
different parameters. We expect that results for the AUA029 data, which are currently being 
processed, to be even better due to the stronger coronal signal. We will compare the new models of 
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the solar corona electron density with those from earlier VLBI sessions, spacecraft tracking data, and 
coronagraph data. 
 
[S5 T12]  VLBI for Time & Frequency Applications 
Monia Negusini, Roberto Ricci, Federico Perini, Roberto Ambrosini, Claudio Bartolotti, Mauro 
Roma, Giuseppe Maccaferri, Mauro Nanni, Matteo Stagni, Davide Calonico, Cecilia Clivati, Anna 
Tampellini, Giuseppe Bianco, Mario Siciliani de Cumis, Luigi Santamaria Amato, Daniele Dequal 
 
Very Long Baseline Interferometry experiments require an extremely precise synchronization 
between the atomic clocks keeping the time and frequency standards at the radio telescopes. 
Recently the availability of fiber optic links from a few radio observatories and their national 
metrological institutes has made possible the streaming of extremely stable frequency standards via 
optical atomic clocks (even two order of magnitudes better than Rubidium or Hydrogen maser 
standards). We will present the MeTGeSp project, which uses the infrastructure of the Italian Link 
for Frequency and Time (LIFT), showing the first results obtained as part of the efforts to create a 
common clock between two of the antennas of the VLBI Italian Network. Moreover, we will 
describe ad hoc geodetic and astrometric experiments designed for exploiting the possibility that 
VLBI technique can be used to accurately compare atomic and, in the near future, optical clocks 
located at very distant sites as a valid and competitive alternative to satellite-based techniques such 
as GPS or Two-way Satellite Frequency and Time Transfer. 
 
[S5 T13]  Using VLBI Telescopes as Bright Reflectors in InSAR Images 
Lucia McCallum, Amy Parker, Jamie McCallum, Rüdiger Haas, Will Featherstone 
 
The use of repeat satellite radar (InSAR) to derive high-resolution ground displacement maps fulfil 
an increasingly vital role in deciphering solid earth, cryospheric and anthropogenic processes. In 
particular the systematic coverage and open availability of data from ESA’s Sentinel-1 satellites pose 
new opportunities to globally unify ground displacement measurements across continents. The 
standard approach today is to use artificial corner reflectors co-located with GNSS and tie the InSAR 
measurements to a geocentric reference frame. Besides the need of dedicated hardware, this method 
bears some other deficiencies like geometrical deformation due to weather or altering, accumulation 
of snow or general debris as well as the need of specific orientation in accordance with the satellite 
orbit. For VLBI telescopes, the increasing number of InSAR satellites poses a real risk of saturation 
or damage of the receivers, when a satellite beam hits the main- or side-lobe of the antenna. In this 
contribution we report on our approach to actively investigate the interaction of VLBI telescopes 
with the Sentinel-1 satellites. Since late 2017, the three AuScope 12m telescopes have regularly 
tracked the InSAR satellites, showing bright reflections in the derived InSAR images. We have also 
performed several successful tests with the new twin-telescope in Onsala. Our findings include 
discussions on the tracking method and its automation, investigations on the point of reflection as 
well as some thoughts about protective measures needed to avoid damage of the VLBI 
receivers/amplifiers. Overall, we will elaborate on why we think that VLBI telescopes could be a 
game changer for global InSAR processing. 
 
[S5 P01]  VLBI Processing at NASA GSFC with GEODYN 
Frank Lemoine, Dan MacMillan, Despina Pavlis, David Rowlands, Douglas Chinn, John Gipson 
 
A long-term objective in space geodesy is “Combination at the Observation Level”. In the traditional 
mode of deriving reference frame solutions, different software is used to process the different types 
of space geodesy data (SLR, DORIS, GNSS, and VLBI) that supply data for the terrestrial reference 
frame. In order to enforce consistency in the application of common geometrical, media corrections, 
and improve the estimation of geodetic parameters, it would be desirable to process all data types 
within a single software. A further requirement is derived from the data processing requirements for 
a mission that colocates the geodetic techniques in space such as a GRASP-like or E-GRASP 
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mission, where all the data would need to be processed in one software package in order to take 
advantage of synergies between the techniques. GEODYN has regularly been used to process SLR, 
DORIS, and more recently GNSS data. In this paper, we report on the current status of VLBI 
processing in GEODYN, especially after the implementation of recent changes to tidal EOP, and 
Earth tide modeling to make the software more compatible with IERS standards. We make this 
assessment by processing data over the period of CONT14. We compare the level of agreement with 
independent EOP and station solutions derived by CALC/SOLVE, and by comparing the estimated 
EOP with IERSC04. 
 
[S5 P02]  VIRAC Contribution to Geodesy 
Jānis Kaminskis, Ivars Smelds, Lauris Goldbergs, Valdis Avotins 
 
Engineering Research Institute “Ventspils International Radio Astronomy Centre” (VIRAC) of 
Ventspils University College (VUC) together with Riga Technical University Department of 
Geomatics in 2018 will consistently strengthening collaboration with other European radio 
astronomy observatories using very large base interferometry method. Our main interest are on the 
global reference frames, their realization and conditions for the establishment of the Global Geodetic 
Observing System core site. Technological advancement has given the opportunity to make 
adjustments and improve legacy equipment and increased data transit rate and computing power 
favors establishment of new sites to improve existing global network. Site in Irbene already have two 
equipped and functional radio telescopes RT-32 and RT-16, GNSS antenna, absolute gravimetric 
station, laboratory building, well-established data communication network, on-site accommodations. 
Site is connected to national geodetic network with GNSS antenna that is part of both LatPOS and 
IAG EUREF Permanent GNSS Network (EPN). To continue development of site Irbene, it should 
improve infrastructure with fundamental local network points, SLR station and likely DORIS station. 
Local geodetic network is needed in order to monitor stability of VLBI reference points and to 
connect antennas to GNSS or levelling network. It should consist of a station network with a 
connection to national and regional networks. To ensure accuracy local survey tie vectors accuracy 
should be better than 1mm. General criteria for the local network, that each VLBI antenna should 
have at least three ground monuments located at distance between 30-60m and there should be 
visibility between these monuments to ensure connection between different geodetic techniques. 
VLBI2010 requirements specify characteristics for antenna size, slew speed and what frequency 
range antenna should be able to detect and data recording speeds. Both radio telescopes located in 
site Irbene have good data transfer and recording rates as well as wide frequency range, only lack 
slew speed might be improved. 
 
[S5 P03]  Determination of the Invariant Reference Point of the Korean VLBI Network (KVN) 
Radio Telescopes: First Results from KVN Ulsan and Tamna 
Sung-Moon Yoo, Taehyun Jung, Sung-Mo Lee, Ha Su Yoon, Han-Earl Park, Jong-Kyun Chung, Seog 
Oh Wi, Jungho Cho, Do-Young Byun 
 
Korean VLBI Network (KVN) consists of three 21 m radio telescopes (KVN Yonsei, Ulsan and 
Tamna) located in South Korea. As a dedicated millimeter VLBI network with a simultaneous multi-
frequency (22, 43, 86 and 130 GHz) receiving system, KVN can effectively compensate tropospheric 
errors, and thus a number of extragalactic sources have been detected at high frequencies (>20 GHz), 
implicating its potential in geodetic and astrometric applications. As a framework, we present the 
first results of the invariant point (IVP) coordinates of the KVN Ulsan and Tamna radio telescopes 
from a local survey. In order to determine the IVP in a local frame, the least-squares circles are fitted 
in three dimensions using the Gauss-Newton method. The azimuth and elevation axes are determined 
by least-square line of circle centers. The IVP point in the local frame is defined by a mean value of 
intersection points of the azimuth axis and the orthogonal vector between the azimuth and elevation 
axes. The geocentric coordinates of the IVP is determined by obtaining the seven-parameters 
between the local frame and the geodetic frame. The axis-offset between the azimuth and elevation 
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axes was also estimated. This result will be an important basis to explore high frequency applications 
in geodesy and astrometry using KVN. 
 
[S5 P04]  A GPS-based Study to Improve the Accuracy of Local Geodetic Ties at Co-located 
Sites that Exploits Small-scale Atmospheric Structure 
Dhiman Mondal, Pedro Elósegui, James Davis 
 
The development of the next-generation of VLBI systems, known as VLBI Global Observing System 
(VGOS), is well underway. Co-location of VGOS stations with instruments from the other space 
geodetic techniques (i.e., GPS, SLR, and DORIS) is essential for synergistic, robust global reference 
frame realization. The local ties between reference points of geodetic instruments at colocation sites 
effectively connect the various techniques together. Precise ties are required for a multi-technique 
reference frame that is suitable for high-accuracy geophysical applications such as global sea-level 
change. Unfortunately, local ties remain a significant error towards the realization of global reference 
frames such as the ITRF. We are investigating approaches that could improve the accuracy of 
relative positions estimates and ITRF combinations. These approaches use external constraints based 
on local atmospheric structure at core geodetic sites where multi-techniques are co-located. The 
challenge is to add information to the geodetic solution based on our knowledge of atmospheric 
structure without biasing the estimates of the intersite vectors. We will present preliminary results 
from tests wherein atmospheric structure is used to enhance the strength of geodetic solutions and 
combinations. In this study, we use data from existing small-scale GPS networks as a proxy for 
collocation sites instrumented with next-generation geodetic systems. 
 
[S5 P05]  Comparison of Processing Strategy for Time and Frequency Transfer Using GNSS 
Ryuichi Ichikawa, Hideki Narita, Yuka Miyauchi, Tadahiro Goto, Kuniyasu Imamura 
 
The National Institute of Information and Communications Technology (NICT) is planning to 
perform international frequency-transfer experiments using compact VLBI systems equipped with a 
broad-band receiver during FY2018. The Kashima 34 m and Koganei 2.4 m antennas of NICT and 
another 2.4 m antenna system will be used in the experiments. We will soon transfer the latter 
antenna system to the Medicina Radio Astronomy Station of Italy, where it will be installed near the 
Medicina 32 m antenna. The primary aim of the experiments is to perform a direct remote 
comparison of two optical lattice clocks, a Yb clock operated at the Istituto Nazionale di Ricerca 
Metrologica (INRIM), Turin, and a Sr clock of NICT, Koganei. The time-transfer accuracy of VLBI 
experiments will be verified by comparisons with an independent technique using the Global 
Navigation Satellite System (GNSS). Time and frequency (T&F) transfer using the GNSS code and 
carrier phase observations are popular techniques for precise clock comparison. In particular, GNSS 
data processing based on precise point positioning (PPP), which is the standard technique for 
geodetic applications, allows highly precise T&F comparisons between remote clocks. The PPP 
least-squares solutions showed improved stability relative to traditional GPS time synchronization 
methods such as the common-view GPS, reaching a stability of a few parts in 10-15 for an averaging 
time of one day [Lahaye et al., 2011]. The conventional PPP processing strategy has treated the 
phase ambiguities of GNSS signals as float values. However, we have to take into account the 
integer-cycle nature of the phase ambiguities in order to overcome the current limitations of GPS for 
clock comparisons [Petit et al., 2015]. In recent years, new GNSS PPP processing tools which 
implement an integer carrier phase ambiguity resolution (AR) have been developed and entered 
practical use. This technique is called PPP AR or IPPP (PPP with integer ambiguity resolution). We 
have carried out time-transfer comparisons using GNSS in order to evaluate the performance of the 
PPP AR technique before the international VLBI T&F experiments involving Medicina and 
Koganei. The GNSS data sets are processed using two PPP-AR processing tools: one is MALIB 
(MADOCA PPP Library) developed by Japan Aerospace Exploration Agency (JAXA) and the other 
is PPP-Wizard (Precise Point Positioning With Integer and Zero-difference Ambiguity Resolution 
Demonstrator) developed by the Centre National d’Études Spatiales (CNES). The data sets are also 
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processed using both the CSRS-PPP tool developed by Natural Resources Canada and the C5++ tool 
developed by NICT, Hitotsubashi University, and JAXA [Hobiger et al., 2010]. I will demonstrate 
the comparison results of receiver clock differences between the Medicina IGS station and the 
Koganei T&F stations in the meeting. 
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