
Space VLBI 
 

Richard Schilizzi 

University of Manchester 

 

Arnold van Ardenne Symposium, 29 May 2013 

 

 

 



The history books now tell you that 

Space VLBI is all about the two 

missions, VSOP and RadioAstron, but 

there’s much more to it than that….. 

 

But let’s start with how VLBI got going 

in Europe and in the Netherlands.   

 

 

 

 



The early days of VLBI in Europe  

1975  June MPIfR cafetaria in Bonn                           

  (Miley, Booth, Pauliny-Toth, Preuss)  

   

  Sept first meeting of interested astronomers, Bonn 

  (including Casse, Baud, Brouw, Habing) 

 

1976  Second and third meetings in Bonn (+AvA) 

  and Onsala (+RTS) 

  

and in NL, it all began with an ode… 
  

 

 

 



“ODE to October 1976” 

 ODE: the first purely European VLBI observations   

 

 18 cm 

 Primary targets: 3C236, NML Cygnus 

 Main players:  

 Arnold, George Miley, Baudewijn Baud, RTS, 

 all under the benevolent eye of Jean Casse 

Onsala-Dwingeloo-Effelsberg 

 

 

 



ODE: the observations 
 

 

 



Who is this person? 

Arnold or Baudewijn 

ODE: the observations 
 

 

 

 

 

 



ODE: the observations 

Ampex 2-inch tape 

recorder from Onsala 

 

 

 



ODE: the correlation 

while others did 

the work in 

Charlottesville…. 
 

Some people took it 

easy 

 

 

 

 

 

 

 

George and Arnold at 

Green Bank 

 

 

 



ODE: the results 

ODE 

B1 B2 

VLBA, 21cm 

 

 

 



VLBI in Europe: the early days 

1977  Fourth meeting in Jodrell Bank:                    

 European VLBI Network discussed 

   

 Study of satellite linked VLBI using L-SAT  

 (Olympus) initiated 

  

1978  Mk2 correlator in Bonn started operation 

  

 Second observation session J-O-D-E   

 (resulted in 2 baselines!)        

  

 First VLBI fringes with Westerbork in phased  

 array mode using Arnold’s analogue adding box 

      

 

 

 

 



and in NL from 1978 to 1982  

 1-inch IVS tape recorder (Mk2A, 2 MHz) 

 Hydrogen maser (original Oscilloquartz physics 

package) 

 MkIII tape recorder (56 MHz)  

 Arnold starts designing the tied-array box for 

WSRT Digital Continuum Backend (designed by 

John O’Sullivan) 

 

Helsinki 1978 

 

 

 



and in NL from 1978 to 1982 

 1-inch IVS tape recorder (Mk2A, 2 MHz) 

 Hydrogen maser (original Oscilloquartz physics 

package) 

 MkIII tape recorder (56 MHz)  

 Arnold starts designing the tied-array system for 

WSRT Digital Continuum Backend (being built 

by John O’Sullivan) 

 The EVN gets going in 1980…. 
 Arnold was chair of the Technical Working Group from 1984 

 And the first thoughts of a big correlator in 

Dwingeloo emerge, also in 1980 

 

 

 

 



EVN Board in Noto (Sicily) in 1988 
 

 

 



Noto 
 

 

 



and now to Space VLBI 

 

 

 



Stage 0: First thoughts 
 

 

 



Stage 1:The very early days of space 

VLBI: 1977 - 1982 

11 February 1977 

R. A. Preston 

VLBI with an Earth-Orbiting Antenna 
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1978: ESA Feasibility Study of satellite-
linked VLBI (Schilizzi et al) 

1981: ESA Phase A study of satellite-
linked VLBI using L-SAT (Schilizzi et al) 

1982: Phase comparison via ESA’s Orbital 
Test Satellite by van Ardenne et al 

1982: QUASAT Space VLBI proposal to 
ESA 

Yen, Kellermann, Rayhrer, 
Broten, Fort, Knowles, 
Waltman & Swenson 

Europe got involved via a different route - 

satellite-linked VLBI 

1977 

 

 

 



 

 

 



Phase Comparison 
 

 

 



Phase comparison via OTS 
 

 

 

 Geostationary satellite 

 

 Multi-tone transmission  

 

 Phase noise from on-board translation 

oscillator is common to all tones and is 

cancelled via differential phase 

measurements between the tones 

 

 Satellite motion and propagation delay  

cancelled by use of the 2-way up and 

down links 

 



Stage 1:The very early days of space 

VLBI: 1977 - 1982 

11 February 1977 

R. A. Preston 

VLBI with an Earth-Orbiting Antenna 
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USSR 10m antenna 

KRT-10 deployed 

on Salyut-6 in 1979 

Nikolay Kardashev 
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USSR 10m antenna 

KRT-10 deployed 

on Salyut-6 in 

November 1979 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Burke 

Kellermann 

Kardashev 

Preston 

Pauliny-Toth 

Slysh 

But the détente didn’t last, at least at the geo-political level…. 

Kogan 

Tsarevsky 

Bocharov Kostenko 

MPIfR-Soviet Academy of Sciences discussions on VLBI 

in Nov 1979 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Large diameter 

antenna on US 

Space Station 



Stage 2 was ushered in by QUASAT 
 

 

 



1983-1985 

1984 

15m 

1.6, 5, 22 GHz 

Apogee 25 000km 

Stage 2: 1983-1988 
 

 

 

Study team 
included Arnold 
and Peter W 



1984: QUASAT Workshop 
 

 

 



High-level coordination 

began to take place in 1984 

COSPAR Ad-hoc Committee on Space VLBI 

 -served as a body to coordinate the three different 

 efforts until the mission-specific International 

 Scientific Committees were formed 

 

  

Inter-(Space) Agency Consultative Group  

 -Panel 1 on Space VLBI 

 

 

 

 

 



Dual-satellite space VLBI 

In 1984, the QUASAT team realised that it was 
impossible to combine superb  uv-coverage with a 
substantial jump in angular resolution compared to 
ground-based VLBI.  

 

So why not combine forces and simultaneously fly two 
satellites in complementary orbits, and achieve 
“perfect” uv coverage out to 60 000 km?  

QUASAT + RadioAstron or                   
QUASAT + Japanese satellite 

 

 

 

 





RadioAstron was approved in 1985 

10m diameter, 0.3, 1.6, 5, 22 GHz, 

apogee 100 000km, later changed 

to 350 000 km 

 

 

 

Moscow in -250 C weather 



YERAC XII in1979 
 

 

 



EVN 6cm receiver for 

Radioastron 

Although it was built in 

Dwingeloo and Bonn, tested 

at ESTEC, and delivered to 

Moscow, it did not fly on 

RADIOASTRON.  

 

But that’s another story….. 

Kardashev and Setti 

signing the agreement 

in 1986 

 

 

 



Phase A Study 

1986-1988 
 
 
 

 

 

 



First space VLBI fringes with 

TDRSS in1986 

 

 

 

1730-130 (NRAO530), 1510-089 and 

1741-038, detected at 2.3 GHz 

Measured TB > 1012K 



So what happened in the end? 

QUASAT was shot down by ESA in October 1988 and finally 

died in 1989 (lost out to Cassini-Huygens) 

 

VSOP was approved by ISAS in December 1988 

 - 8m diameter 1.6, 5, 22 GHz; apogee 21 600 km 

 

Working closely with the Soviet Union on RadioAstron still 

didn’t have the seal of approval from you know who… 

 

So the primary focus for the QUASAT team was on VSOP 

while continuing to work on RadioAstron, participating in 

advisory committee meetings and building receivers 

 

 

 

 



Stage 3: 1988 – 2012 

 

VSOP and RadioAstron 

 

 

 



The Ground Segment 

Proposed in the Capitol Bar in Socorro in 1990 by Ron 

Ekers, Roy Booth and Paul Vandenbout, chair: Roy Booth 

Global VLBI Working Group  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. To serve as a liaison between ground-based 

observatories and national or international space 

agencies, for coordination of participation by ground 

radio telescopes in Space VLBI missions. 

Onsala, May1993 

 

 

 



VSOP needed a bit of help from  

friends with connections… 
 

 

 



Launch in February 1997 
 

 

 



 

 

 

 

VSOP -

HALCA 

operational

until Nov 

2005 

 

 

 
 

 

 

 

 



Quasar ３C273 

 3 billion ly away 

Central Core is 

Zoomed by VSOP 

Optical: Pseudo-color 

  Radio: Contour 
ＶＳＯＰ ｉｍａｇｅ ｏｆ ３Ｃ２７３ 

 ｂｙ Ｌｏｂａｎｏｖ ｅｔ ａｌ 

 

 

 



In the meantime, Nikolay and his 

team carried on… 

 

 

 



getting all the help he could… 

Prime 

Minister 

Putin 

 

 

 



2008 



Ready to go to Baikonur 
 

 

 



And finally the launch in July 

2011 

 

 

 



 

 

 



 

 

Baseline projection: 50 Mλ 

First fringes! 
 

 

 



 

 

 



24 hours 

0.5 mas 

DR>1000:1 

 

 

 



The future: Millimetron? 

Russia 

 

Space VLBI at 

millimetre 

wavelengths 

 

 

 



Or ? 
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Last gasps from ESA and NASA 
 

 

 

1989-1991 

25m 



1999 

Last gasps from ESA and NASA 


